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ABSTRACT 
Structure and scope of work. The Master’s thesis on the topic “Using the 
possibilities of combуned operation of ТРP and SPP in the system of guaranteed 
electricity supply to consumers” consists of an introduction, 4 sections, conclusions 
and list of references. The total volume of work is 109 pages, including 21 figures, 
22 tables and 103 bibliographic references, 6 annexes on the 18 pages. 
Relevance of research. Increasing the frequency of power outages and 
deteriorating equipment encourages the use of additional energy sources. Based on 
the experience of developed countries, we can conclude that the solution may be a 
renewable energy source. 
RES are developing dynamically, including due to their efficiency and 
environmental friendliness. Solar energy is one of the most efficient branches of 
alternative (renewable) energy. 
Solar energy is exclusively ecological, it does not affect the environment. Its 
development is stimulated as purely economic factors. This includes regular 
increases in prices for traditional energy sources, reducing the cost of equipment for 
stations running on alternative sources. The cost of SPP itself is much lower 
compared to other alternative methods of electricity generation, such as wind farms. 
And the main thing is support in the form of a green tariff from the government. 
However, SPP also has its drawbacks, the main ones being the complexity of 
energy storage, energy regulation and forecasting and the large area of application. 
To address such issues, a combination of SPP with TPP is proposed. 
In the modern power system of Ukraine, a large share of thermal energy is 
used partially or completely decommissioned, as well as stored. This problem is due 
to insufficient funding for equipment modernization, so the capacity of TPPs in these 
realities is much less than was found in the design of lines and transformer 
substations that connect generation to the distribution unit. Also due to reduced 
generation, TPP ash dumps are empty and can be used to install SPP. 
Relationship of work with scientific programs, plans, themes. The 
researches performed in the work correspond to the direction “Auction for 
distribution of support quota”, which refers to the amendment to the Law of Ukraine 
№ 810-IX of 21.07.2020 “On alternative energy sources”. These amendments also 
include "Stimulating the production of electricity from alternative energy sources". 
The law defines the legal, economic, environmental and organizational principles of 
the use of alternative energy sources and promotes the expansion of their use in the 
fuel and energy sector. Also, the research is in line with the goal "Goal 7. Ensuring 
access to affordable, reliable, sustainable and modern energy sources for all", which 
refers to the global process of sustainable development. 
Purpose and tasks of the research. Ensuring reliable electricity supply to 
consumers, reducing the use of fossil fuels for electricity generation and analysis of 
the possibility of creating a system that will regulate the combined system of TPPs 
and SPP 
Object of research. Regulation process of SPP and TPP operation/ 
Subject of research. Methods and means of comprehensive assessment of the 
functioning of the TPP system and the possibility of implementing SPP. 
Practical value of the results. To solve this problem, the general methodology 
of scientific research, calculation of component systems, as well as the decision on 
the possibility of combining the two systems were used. 
The information base of the study consisted of laws and regulations of public 
administration in the field of energy, laws of Ukraine, official statistics, as well as 
scientific works of domestic and foreign scientists. The dissertation used software 
such as MS Excel, HelioScope, AutoCad. 
Scientific novelty of the obtained results. Scientific novelty is justified by the 
fact that this concept of combining the two systems allows to mutually compensate 
for each other's shortcomings. Unlike previous studies, the system takes into account 
the vulnerabilities of the installation and operation of a solar station and reduces the 
negative impact of greenhouse gas emissions from fossil fuel combustion. 
Also, the system is equipped with the ability to accumulate electrical energy in 
rechargeable batteries, which provides an additional reserve for regulating the 
operation of SPP. 
Approbation of the Master’s thesis and publications. The results of the 
research were made public at two scientific and technical conferences and included 
in the collections of works: 
1. Lavrynovych Pavlo. Features of formation of guaranteed power supply 
schemes for networks with renewable energy sources. // XII scientific and technical 
conference of the institute of energy saving and energy management “Energy. 
Ecology. Man” - May 7, 2020. 
2. Lavrynovych Pavlo. Investment economic calculation (NPV) – large solar 
power plant (Ukrainian market). // III scientific and technical conference of IEE 
masters - November 26, 2020. 
Key words: warranty power supply systems, solar power plant, thermal power 
plant, renewable energy sources, backup power, green tariff. 
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LIST OF ABBREVIATIONS 
PSS – power supply system. 
SPP – solar power plant. 
USSR – Union of Soviet Socialist Republics. 
RES – renewable energy sources. 
LLC – Limited Liability Company. 
ICU – Investment Capital Ukraine. 
HPP – hydro power plant.  
EBRD – European Bank for Reconstruction and Development.  
BSTDB – Black Sea Trade and Development Bank.  
ATS – automatic transfer switch.  
NPP – nuclear power plant. 
TPP – thermal power plant. 
CPP – condensing power plants.  
CHP – combined heat and power station.  
CIS – Commonwealth of Independent States.  
RTO – Rules of technical operation. 
VAR – variable.  
SVC – static VAR compensator. 
STATCOM – static synchronous compensators.  
SCADA – supervisory control and data acquisition. 
PVPS – Photovoltaic Power System.  
IRR – internal rate of return. 
NPV – net present value. 
WPP – Wind Power Plant. 
NCSREU – National Commission for State Regulation of Energy and Public 
Utilities.  
PPA – Power Purchase Agreement.  
MPPT – maximum power point tracker. 
DC – direct current.  
AC – alternating current.  
DOD – depth of the discharge. 
PTSUN – Packaged Transformer Substation for Urban Electrical Networks. 
HVS – high voltage switchgear. 
HVD – high voltage device. 
MPTSUN – Modernized Packaged Transformer Substation for Urban 
Electrical Networks. 
CAPEX – CAPital EXpenditure.  
OPEX – OPerating EXpenditure.  
IPS – Integrated Power System. 
SWOT – Strengths-Weaknesses-Opportunities-Threats.  
INTRODUCTION 
Increasing the frequency of power outages and deteriorating equipment 
encourages the use of additional energy sources. Based on the experience of 
developed countries, we can conclude that the solution may be a renewable energy 
source. 
RES are developing dynamically, including due to their efficiency and 
environmental friendliness. Solar energy is one of the most efficient branches of 
alternative (renewable) energy. 
Solar energy is exclusively ecological, it does not affect the environment. Its 
development is stimulated as purely economic factors. This includes regular 
increases in prices for traditional energy sources, reducing the cost of equipment for 
stations running on alternative sources. The cost of SPP itself is much lower 
compared to other alternative methods of electricity generation, such as wind farms. 
And the main thing is support in the form of a green tariff from the government. 
However, SPP also has its drawbacks, the main ones being the complexity of 
energy storage, energy regulation and forecasting and the large area of application. 
To address such issues, a combination of SPP with TPP is proposed. 
In the modern power system of Ukraine, a large share of thermal energy is 
used partially or completely decommissioned, as well as stored. This problem is due 
to insufficient funding for equipment modernization, so the capacity of TPPs in these 
realities is much less than was found in the design of lines and transformer 
substations that connect generation to the distribution unit. Also due to reduced 
generation, TPP ash dumps are empty and can be used to install SPP. 
In addition to the relationship, there is an option to add an array of batteries to 
the system. This improves the quality and efficiency of employees. 
Relationship of work with scientific programs, plans, themes. The 
researches performed in the work correspond to the direction “Auction for 
distribution of support quota”, which refers to the amendment to the Law of Ukraine 
№ 810-IX of 21.07.2020 “On alternative energy sources”. These amendments also 
include "Stimulating the production of electricity from alternative energy sources". 
The law defines the legal, economic, environmental and organizational principles of 
the use of alternative energy sources and promotes the expansion of their use in the 
fuel and energy sector. Also, the research is in line with the goal "Goal 7. Ensuring 
access to affordable, reliable, sustainable and modern energy sources for all", which 
refers to the global process of sustainable development. 
Purpose and tasks of the research. Ensuring reliable electricity supply to 
consumers, reducing the use of fossil fuels for electricity generation and analysis of 
the possibility of creating a system that will regulate the combined system of TPPs 
and SPP 
Object of research. Regulation process of SPP and TPP operation/ 
Subject of research. Methods and means of comprehensive assessment of the 
functioning of the TPP system and the possibility of implementing SPP. 
Practical value of the results. To solve this problem, the general methodology 
of scientific research, calculation of component systems, as well as the decision on 
the possibility of combining the two systems were used. 
The information base of the study consisted of laws and regulations of public 
administration in the field of energy, laws of Ukraine, official statistics, as well as 
scientific works of domestic and foreign scientists. The dissertation used software 
such as MS Excel, HelioScope, AutoCad. 
Scientific novelty of the obtained results. Scientific novelty is justified by the 
fact that this concept of combining the two systems allows to mutually compensate 
for each other's shortcomings. Unlike previous studies, the system takes into account 
the vulnerabilities of the installation and operation of a solar station and reduces the 
negative impact of greenhouse gas emissions from fossil fuel combustion. 
Also, the system is equipped with the ability to accumulate electrical energy in 
rechargeable batteries, which provides an additional reserve for regulating the 
operation of SPP. 
 
1 ANALYSIS OF EXISTING WARRANTY SYSTEMS OF POWER 
SUPPLY 
1.1 Warranty systems of power supply 
Increasing the frequency of disconnections from the grid encourages 
consumers to take a number of measures to reduce the risk of overload and to 
increase the reliability of energy supply. The solution of such issues is the 
installation and use of backup power sources. 
Reliability is the property of a power system to perform tasks for proper 
functioning. When assessing the reliability of power supply systems (PSS), its ability 
to supply to specific consumers is considered. Denial of electricity to at least one 
consumer connected to the network causes the consequences of non-compliance 
with the entire system of electricity supply to consumers [1]. 
"Microenergy" - is currently one of the leading ways of redundancy to increase 
the reliability of energy supply.  
Currently, there is a tendency to increase the production of electricity 
produced through the use of "microenergy" by independent producers. 
Due to the inadequate state of the energy system, many countries are using the 
prospects of using alternative sources of electricity. This trend is pronounced in 
countries with economic transition [1]. 
Some types of alternative energy have now gained considerable popularity, 
namely: 
- wind energy; 
- solar energy; 
- hydrogen fuel cells; 
- means and devices of energy generation that run on traditional fuel. 
The basis of the hydrogen fuel cells technology is special equipment - a 
membrane by which the electron is separated from the nucleus of the hydrogen atom, 
resulting in an electric current. This alternative is only gaining popularity, as it does 
not affect the ecological situation of the environment. The only wastes of this 
technology are water and heat [1]. 
These sources can act as an additional source for consumers of the first 
category and ensure the production of the required amount of electricity. 
Solar power plant (SPP) is selected as such additional source for this object of 
study, it will be able to fully meet the needs of the consumer. The selection of SPP 
elements and further calculations are carried out in Section 3 of the diploma project. 
For electric receivers of a special group and each of the three categories is 
normalized the number of independent mutually redundant power supplies and the 
duration of the power outage (Table 1.1) [1]. 
Table 1.1 – Number of independent mutually redundant power supplies and duration 




of independent power 
supplies 
Maximum duration of power 
outage 









ІІІ 1 1 day 
 
To objectively assess the reliable operation of SPP, its ability to work or not 
to work in relation to specific consumers is considered.  
During solving the problems of reliability analysis and managing the 
development and operation of systems, it is necessary to count the number of 
failures, which will lead to further power outages and undersupply of electricity to 
consumers. The main factors are: lack of electricity and power in the system, which 
in turn occurs due to accidents at source, emergency shutdowns of consumers in 
order to avoid the development of accidents in case of short circuits on the lines, 
power supply interruption, as well as during scheduled repairs in networks that are 
not equipped with redundancy, periodic outages due to the action of relay protection. 
The most dynamically developing source of electricity, including due to its 
efficiency and environmental friendliness, is solar energy - one of the branches of 
alternative (renewable) energy. It is based on the conversion of energy emitted by 
the Sun into other types of energy, such as electrical or thermal [2].  
Solar energy is exclusively ecological, it has no impact on the environment. 
Its development is stimulated as purely economic factors (these include the regular 
increase in prices for traditional energy sources (coal, oil, peat, gas), reducing the 
cost of equipment for stations operating on alternative energy sources with constant 
modernization, which in general allows to influence the cost of electricity produced. 
The cost of SPP itself, compared to other alternative methods of electricity 
generation, such as wind farms, is much lower), and support in the form of a green 
tariff from the government [2]. 
In recent years, the growth of the capacity of solar power plants that go into 
operation, in recent years, occupies about half of all alternative energy. In just fifty 
years, the share of solar energy in the world has exceeded 5%. Improving the 
technology of manufacturing photovoltaic modules has led to a significant reduction 
in the cost of solar electricity - in more than 30 countries (Germany, Chile, Australia, 
Mexico) it has become cheaper than obtained from traditional (oil, gas, coal) 
sources. Over the past 10 years, investments in solar energy have amounted to about 
$ 300 billion. The most illustrative example of the success of the use of solar 
technology - the island of Tau (American Samoa), which previously depended 
entirely on the supply of diesel fuel, after the installation of modern SPP became 
completely independent.  
Climatic conditions and geographical location of Ukraine contribute to the 
development of solar energy and the construction of such PSS. As an example, 
Germany, a country that is geographically located much north of Ukraine, at the 
same time occupies a leading position in the world in the generation of solar 
electricity [2]. 
Compared to traditional sources, the efficiency of "microenergy" is much 
higher. The most important thing is that autonomous energy sources will allow the 
consumer, remote from the power system, to ensure the desired level of supply and 
reliability of electricity, especially in a period when the reliability of supply has 
decreased significantly. 
Energy sources that belong to the "microenergy" have a much higher 
efficiency than the most efficient traditional.  
 
1.2 The urgency of the issue of providing warranty power supply systems 
The main global trend is the transition to the principles of sustainable 
development. 
All countries are required to develop concepts for their sustainable 
development. Ukraine already has such a concept. The Energy Strategy of Ukraine, 
of course, also implements the principles of sustainable development. 
The implementation of the sustainable development principles requires a 
rethinking of energy policy, especially electricity. At the heart of the new policy is, 
on the one hand, a clear focus on energy production to fully meet human needs, and 
on the other hand - a focus on changing human consumer psychology in order to 
reduce these needs. 
Another basic principle of this policy is to limit the consumption of fuel 
resources not so much because of their lack, but because of the inability of the 
biosphere to withstand the load of large-scale use of resources. Due to these 
principles, electric power itself must undergo qualitative changes [3].  
Therefore, it is necessary to pose and solve a new problem - to focus energy 
on the maximum satisfaction of needs of the concrete person, rendering to it of 
energy services - various and convenient. As a result, decentralized energy in various 
forms will be greatly developed [1]. 
People all over the world have a desire to live in abundance and comfort, and 
this requires decentralized energy life support systems. There are many electrical 
appliances are in every apartment today, and in the future, there will be even more. 
That is, energy has already been developed to increase the comfort of our lives [1].  
Ukraine got the energy sector from the USSR, which is represented by high-
power power units, most of which have low maneuverability (designed to work in 
basic mode), and are not able to provide the peak part of the load schedule. 
Therefore, the construction of autonomous low-power energy sources (from 
hundreds of watts to MW) will be able to solve this problem [1]. 
The unified power system of Ukraine, created from a part of the power system 
of the USSR, is outdated. Given the rapid development of technology and, 
consequently, the increase in the general needs of the population, the energy system 
needs to be modernized. One option to address this issue is to install decentralized 
stations that will help provide sufficient electricity in specific areas of the system 
and for specific consumers. Such decentralized stations are a direct way to address 
the issue of guaranteed electricity supply to consumers whose geographical location 
is difficult to access. 
Also, due to the development of industry and the increase of its power units, 
there is a need to develop a power supply system.   
As autonomous sources of energy consider the means of "microenergy", 
which run on solar energy, namely: solar power plants. 
The following types of solar power plants are popular in Ukraine: 
- solar power plants for industrial use; 
- medium solar power plants; 
- home solar power plants. 
Industrial solar power plants have become popular due to significant cost 
savings and the ability to connect in difficult locations for transmission companies. 
 
1.3 Statistics of development of industrial SPP in Ukraine as of 2019-2020 
The rapid rise in the construction of solar industrial facilities in 2019 is a 
significant phenomenon. During this time, the "green tariff" was officially received 
by 493 industrial SPP with a total installed capacity of 3537,382 MW, which is 5.5 
times higher than in 2018 [4]. 
This year, the world community has faced a number of economic difficulties 
that have not escaped Ukraine, in addition to internal specific problems in the energy 
sector. However, these problems are surprisingly combined with great success SPP 
in the field of RES. The construction of renewable energy facilities is a rather inertial 
process, and even if you want to, it takes time to stop it. 
2019 — rapid rise. Solar power plants are long-term projects that cannot be 
stopped quickly for a number of known reasons. Therefore, despite the fact that the 
energy sector of our country in general and SPP segments in particular are now 
dealing with serious management problems, performance indicators, in this case 
solar energy, in 2019 show a bright positive trend [4]. 
Thus, as of 01.01.2020, the total installed capacity of industrial SPP in our 
country has reached 4924.610 MW. At the same time, for 12 months of 2019, the 
“green” tariff was officially received by stations with a total capacity of 3537.382 
MW, which is 5.48 times higher than the same indicator in 2018 (645.688 MW). The 
dynamics over the years (cumulative total) is presented in Fig. 1.1. 
 
Fig. 1.1 The capacity of industrial SPP installed in Ukraine, cumulative total [4]. 
The figure shows that in 2019 alone, the capacity of industrial SPP was put 
into operation 3.5 times more than in all previous years. 
As for the smaller amount of electricity produced by industrial stations (Fig. 
1.2), in 2019 it will be 2932.37 million kWh, which is 2.66 times the same figure for 





Fig. 1.2 Volume of electricity generation by industrial SPP by years [4]. 
At the same time, based on the estimated value of the average annual 
consumption per household equal to 2000 kWh, the energy produced by SPP is 
sufficient to meet the needs of 1.466 million households. 
Detailing statistics. The data published by the National Commission for 
Regulation of Economic Competition allow for statistical processing of information 
and receives more detailed characteristics in the field of solar energy. 
Thus, in 2019, 494 objects received the "green tariff", of which 382 - ground 
SPP and 112 - stations located on the roofs and facades of buildings. The SPP 
capacity installed in that year was 3537.382 MW. Of these, 114 stations exceeded 
the 10 MW threshold (Table 1.2), and more than 20 MW exceeded 25 facilities. At 
the same time, 9 projects implemented in 2019 had a capacity of over 30 MW, and 
5 stations - over 50 MW [4]. 
Table 1.2 – The main characteristics of the commissioned SPP by years. 
Year 
Installed capacity 
of SPP, MW 
Number of 
new SPP 
Number of stations with a capacity 
exceeding: 
 10 MW 20 MW 30 MW 50 MW 
2019 3537,382 494 114 25 9 5 
2018 645,688 162 16 3 1 0 




E, million kWh 
For comparison, the same table also shows the results of previous periods, 
which are not so impressive. Thus, in 2018, only 162 industrial facilities received 
the "green tariff", of which only 16 SPP exceeded the threshold of 10 MW (which 
is 7.1 times less than in 2019). The data for 2017 are not subject to any comparison 
at all. 
It should be noted that the average capacity of industrial SPP in 2019 is 7.16 
MW, which is 3.17 MW (79.4%) higher than in 2018. 
Obviously, the average value of the parameter characterizes only one aspect 
of the implementation. To obtain the structure of project distribution, it is necessary 
to analyze all implementations in 2019 and identify 493 units. Fig. 1.3 shows the 
distribution of the number of projects that fall into certain capacity ranges. 
 
Fig. 1.3 Distribution of industrial SPP projects in 2019 by capacity ranges (in 
quantitative terms) [4]. 
The diagram shows that the range up to 1 MW contains 26.3% of facilities 
(130 SPP). 106 solar stations have a capacity of 1-3 MW. 62.1% of decisions (301 
projects) fall in the range of 0-5 MW. In general, 98% of the implementations made 
in 2019 do not exceed 25 MW. And only 2% (10 projects) exceed this threshold. 
Also interesting is the histogram of the SPP distribution by the total capacity 
of projects that fall into fixed width ranges - in this case, set a step of 5 MW (Fig. 
1.4).  
 
Fig. 1.4 Histogram of the industrial SPP projects distribution in 2019 by installed 
capacity [4]. 
According to the results of this work, the largest weight is the interval of 10-
15 MW, the share of which in the total energy balance of industrial SPP in 2019 
amounted to 21.1%. In second place efficiency - segments 5-10 MW and more than 
200 MW, covering 16.1% (in this quantitative cooperation, otherwise for as many 
as 2 stations). Interestingly, the 5-10 MW column, which also accounts for 16.1%, 
contains 79 projects. This means that the total capacity of SPP, the indicators of 
which fit in the range of 5-10 MW, increases the capacity of stations, the nominal 
value of each of which exceeds 200 MW. 
Territorial structure of industrial SPP. The situation regarding the territorial 














Fig. 1.5 The structure of the number of industrial SPP distribution by regions that 
received in 2019 a "green" tariff [4]. 
In quantitative terms, the leader in terms of industrial solar power plants put 
into operation in 2019 was Dnipro region (60 facilities, or 12.2%). The second and 
third places are shared by Mykolayiv and Ivano-Frankivsk regions with indicators 
of 10.4% and 10.2%. The third position in the Khmelnytsky region - 7.8%  
The structure of the projects distribution by installed capacity is shown in Fig. 
1.6.  
 
Fig. 1.6 The structure of the industrial SPP distribution by regions (by installed 
capacity), which received in 2019 a "green tariff" [4]. 
Due to the commissioning of two large facilities in the Nikopol district 
("Pokrovskaya" and "Nikopolskaya" SPP), the Dnipro region came out on top with 
a large gap with a share of 27.1%; in 2018, it occupied only the 5th position. The 
second place is the Nikolaev region where the total capacity of the implemented 
projects makes 14,3%.14.3%. On the third step of the pedestal - Zaporizhzhia region 
(5.9%). Khmelnytsky and Kyiv regions share the fourth and fifth places with equal 
shares of 5.5% each. Khmelnytsky and Kyiv regions share the fourth and fifth places 
with equal shares of 5.5% each. 
Leaders of 2019 in terms of installed capacity. The largest industrial solar 
station put into operation in 2019 was Pokrovskaya SPP (Dnipro region, Nikopol 
district) with an installed capacity of 323,290 MW (Fig. 1.7).  
 
Fig. 1.7 Pokrovskaya SPP with a capacity of 323,290 MW was built by DTEK 
VDE in the Nikopol district of the Dnipro region [4]. 
The facility is serviced by Solar-Pharm-3 LLC. It houses more than 873,000 
panels manufactured by the Chinese company Risen, 96 KSTAR inverter systems, 
as well as power equipment of the German concern Siemens. The total investment 
in construction amounted to 193 million euros. 
The Pokrovskaya solar power plant is located next to the Nikopol SPP in the 
Dnipro region, on the site of a used ore quarry (437 hectares), the land of which is 
unsuitable for agriculture. The construction involved 16 companies that received 
orders worth 48 million euros. It took about 6 months from the start of construction 
to the commissioning of the facility. Already in October, SPP began to produce 
"green electricity". 
On the second position - "Nikopol" SPP (LLC "Solar Pharm-1") with a 
capacity of 246,154 MW, built by "DTEK VDE" also near Nikopol (Fig. 1.8).  
 
Fig. 1.8 Nikopol SPP with an installed capacity of 246,154 MW in the Dnipro 
region is owned by DTEK VDE [4]. 
The total investment is 216 million euros. The facility is equipped with 
750,000 panels made by the Chinese companies Seraphim and Trina Solar, as well 
as KSTAR inverters. This SPP was included in the preliminary review (Networks 
and Business, №3, 2019). 
The third place in terms of installed capacity was taken by Morozivka SPP, 
owned by Sanvin 5 LLC (Kropyvnytsky region, Oleksandriiskyi district, 
Novoselivska village council) - 91.287 MW. More than 243,000 Risen solar panels 
and 28 inverters were used at the site. The station received a "green tariff" on 
December 24, 2019. 
On the fourth position is the project of Kamyanets-Podilska SPP (Fig. 1.9), 
Khmelnytsky region, Kamyanets-Podilsky district, on the territory of Panivetska 
agriculture. 
 
Fig. 1.9 Kamyanets-Podilska SPP with a capacity of 63.8 MW was put into 
operation in January 2019 [4]. 
The station belongs to PE "Podilskenergo". Its capacity is 63.8 MW. The 
investors of the project on a parity basis were the ICU Group and the investment 
fund VR Capital Group, investing $ 55 million in the project. 
The Kamyanets-Podilska solar power plant is located in the Kamyanets-
Podilsky sugar plant filtration fields, which are currently not suitable for agriculture. 
The station is equipped with 220,000 single-crystal Longi Solar modules (China), as 
well as ETD power transformers (Czech Republic). KNESS was the general 
contractor for the construction. More than 50% of the station components are 
manufactured at Ukrainian enterprises. SPP covers an area of 110 on, its construction 
lasted 7 months. 
The fifth position is occupied by the SPP project in Chernivtsi region, 
Novoselytskyi district, village Tarasivtsi, Shipot tract (Fig. 1.10). 
 
 
Fig. 1.10. SPP near the village Tarasivtsi, Chernivtsi region with a capacity of 
58.78 MW [4]. 
This station is owned by Ekotekhnik ‑ Tarasivtsi LLC. Its capacity is 58,776 
MW. During the construction, 833 Huawei SUN2000–60KTL‑M0 inverters were 
used, as well as 209,916 Talesun solar panels. The station is built on swampy, 
unsuitable for agriculture lands with a total area of 108 hectares between the villages 
of Tarasivtsi and Vanchykivtsi. 
Leaders of 2019 in electricity production. Among the winners are both objects 
of previous years and SPP of the studied period. The victory was won by the station 
"Nikopolska", the production of which is 282.606 million kWh. In second place - 10 
launch complexes in Tokmak, which are presented in the statistics of the National 
Commission for Regulation of Economic Competition in a single total column - 
72.349 million kWh. The third position is occupied by Kamyanets-Podilska SPP 
with a rate of 71.674 million kWh. Fourth place at Voskhod Solar station - 68.045 
million kWh. On the fifth step – Yavoriv SPP (49.371 million kWh), consisting of 
two complexes, one of which received a "green tariff" in 2019. 
All leaders of the electricity generation industry in 2019, which exceeded the 




Table 1.3 – Leaders of 2019 in the production of solar electricity. 
Name of SPP and location 
Amount of electricity 




Nikopol SPP, Dnipro region, 
Nikopol district, Suburban and 
Chkalovsk village councils 
282,606 246,154 
Tokmak SPP in the Zaporozhye 
region,  
72,349 
64,15 (10 launch 
complexes) 
Kamyanets-Podilska SPP, 
Khmelnytsky region, on the 
territory of Panivetska village 
71,674 63,800 
Voskhod Solar SPP, Berezanka 
township, Mykolaiv region 
68,045 53,398 
Yavoriv SPP, Lviv region, Yavoriv 
district, village Ternovitsa 
49,371 
36,753 + 35,101 
(2019 р.) 
Bolgrad Solar SPP, Bolgrad district, 
Odessa region 
44,901 34,14 
Priozerne 1 SPP, Kiliya, Odessa 
region 
37,611 27,356 
Priozerne 2 SPP, Kiliya, Odessa 
region 
37,289 27,488 
Neptune Solar SPP, Voznesensky 
district, Nikolaev region. 
36,558 29,307 




Thus, the generation of electricity by industrial solar power plants in 2019 
almost three times exceeded the corresponding figure of Kakhovka HPP (Hydro 
Power Plant).  
Projects of the beginning of 2020. According to the statistics of the National 
Commission for Regulation of Economic Competition, which also contains data on 
industrial solutions in the field of solar energy, on June 1, 2020 in our country "green 
tariff" received 174 new SPP, of which 99 - ground and 75 - installed on the roofs 
and walls of buildings and structures. The total capacity of these SPP is 686,016 
MW or 12.2% of the total figure determined for the country on that date (5610,611 
MW). 
Since the implementation in 2020: 22 stations have a capacity exceeding 10 
MW, 6 facilities have exceeded the threshold of 20 MW, and four more have 
exceeded 30 MW. The largest SPP for the first 5 months of this year were two stages 
of Ingulets SPP - Mykolaiv region, Snihuriv district, the territory of Afanasievskaya 
agriculture, the total capacity of which is 57,552 MW.  
The owner of the object is Ingulets-Energo 2 LLC. The construction of the 
station was financed by the European Bank for Reconstruction and Development 
(EBRD) and the Black Sea Trade and Development Bank (BSTDB), which provided 
19.1 million euro each. The SPP designer is Podilsky Energoconsulting, the general 
contractor is Soyuz Corporation. 
In second place - Boguslav-2 SPP (Kyiv region, Boguslav district, Boguslav), 
the installed capacity of which is 54,264 MW (Fig. 1.11). 
 
Fig. 1.11 Boguslav-2 SPP with an installed capacity of 57,552 MW near the 
city of Boguslav in the Kyiv region [4]. 
The project was implemented by the Norwegian company Scatec Solar. The 
commissioning of this facility was supported by the LCF Legal Group Currently, 
solar panels cover an area of 65.84 hectares. The system consists of 142.8 thousand 
modules and 450 inverters. The designer was Rodina Engineering LLC, the general 
contractor was Scatec Solar Solutions Ukraine LLC. 
The third place was taken by Solaris-Energy SPP, Zakarpattia region, 
Vynohradiv district, village Shalanki - 34,557 MW. The final beneficiary is UG 
POWER (Great Britain). Building area - 19.35 hectares, the number of solar panels 
- 104,720, inverters - 10. 
Considered the industry as a whole, the largest SPP in Ukraine (as of 
01.06.2020) are represented by facilities (Table 1.4), the installed capacity of which 
exceeds 50 MW. 
Table 1.4 – The largest industrial SPP of Ukraine as of June 1, 2020. 
Name of SPP and its location 
Installed 
capacity, MW 
Date of receipt of the 
green tariff 
Pokrovskaya SPP, Dnipro region, 
Nikopol district 
323,290 September 6, 2019 
Nikopol SPP, Dnipro region, Nikopol 
district 
246,154 February 28, 2019 
Yavoriv SPP, Lviv region, Yavoriv 
district 
71,854 
October 30, 2018 
(first stage), 
October 11, 2019 
(second stage) 
Zaporizhzhia region, Tokmak 64,15 2017–2019 
Kamyanets-Podilska SPP, Khmelnytsky 
region, on the territory of Panivetska 
agriculture 
63,800 January 11, 2019 
Ingulets SPP, Mykolaiv region, Snihuriv 
district, territory of Afanasievska 
agriculture 
57,552 
January 3, 2020 
(first and second 
turn) 
Boguslav-2 SPP, Kyiv region, Boguslav 
district, Boguslav city 
54,264 February 21, 2020 
Voskhod Solar SPP, Berezanka township, 
Mykolaiv region 
53,398 February 20, 2014 
 
Thus, 2019 demonstrated the rapid evolution of the segment of industrial solar 
stations. However, for the period of 2020, given the economic decline due to the 
pandemic, the development of solar energy also stopped. 
Solar generation, as a component of renewable energy, will definitely come 
out of the crisis in our country and continue its evolutionary progress [4]. 
 
1.4 Existing methods of providing warranty power supply systems 
Consider the definition of electric receivers of the I category and special group 
and the requirements for their power supply [5]. 
Category I electric receivers are such electric receivers, the interruption in the 
power supply of which can cause danger to human life, significant damage to the 
national economy, damage to valuable basic equipment, mass shortage of products, 
disruption of complex technological processes [6]. 
From the category of electric receivers of the I category the special group of 
electric receivers which uninterrupted work is necessary for accident-free stop of 
production for the purpose of prevention of threat to life of people, explosions, fires 
and damage of the valuable basic equipment is allocated. [5]. 
Reliability category I power receivers must be supplied with electricity from 
two independent mutually redundant power sources, and a power outage in the event 
of a power failure from one of the power sources may last only for the time of 
automatic power recovery. 
For power supply of a special group of electric receivers of the I category 
additional power supply from the third independent mutually reserve power supply 
source should be provided [6]. 
As the third independent power supply for a special group of electric receivers 
and as the second independent power supply for other electric receivers of the I 
category can be used local power plants, power systems of power systems, special 
uninterruptible power supply units, accumulators, diesel power plants, etc. [5]. 
It is allowed, as an exception, to extend the requirements for the reliability of 
electricity supply of higher category electric receivers to lower category electric 
buildings of a house or building on the initiative of the owner in coordination with 
the transmission company, so the whole complex of category I consumers and 
special group. 
One of the main options for implementing a guaranteed power supply is to 
reserve power to industrial facilities. The topic of such objects reservation of is 
considered by E.O. Antipov in the work “Combined power supply system for 
consumers using traditional and alternative energy sources and accumulators” [7]. 
A new system of combined energy supply of consumers has been developed, 
which is based on the use of solar radiation energy and/or electric network with the 
possibility of accumulating its excess in batteries of electric and thermal energy. This 
system is designed to cover the electrical and thermal load of the consumer with 
increased economic efficiency of heating and/or hot water systems through the use 
of solar energy and heat storage. 
The disadvantage of this system is its cost, because this aspect significantly 
affects the feasibility of its use. The high cost is due to the large number of equipment 
and the complexity of the system. 
The issue of providing backup power is widespread not only for industry or 
household consumers. The main area of such systems implementation is power 
plants, namely the backup power of technological mechanisms of their own needs. 
Due to obsolete equipment used as backup devices, its inclusion requires a lot of 
physical and mechanical costs. Since most switching of the reserve of own needs of 
power plants is not carried out automatically, the untimely operation of the reserve 
can have many negative consequences. One of the main is the long pause of power 
supply of technological mechanisms of own needs with their unsuccessful start of 
electric motors in the automatic mode. In this case, there is a possibility of stopping 
one or more power units. The consequences of which can be deployed within the 
entire integrated power system of Ukraine. 
On the example of joint work of Dmitrenko O. O. and Zakolodyazhny V. V. 
on the topic: "Automatic transfer switch of the backup power line of the nuclear 
power plant's own needs", it is possible to consider introduction of automatic transfer 
switch (ATS) for own needs of Zaporizhzhia nuclear power plant (NPP) [8].  
In this paper, the researchers proposed an algorithm for the automatic start of 
the load for the basic scheme. This circuit includes switching on the sectional switch 
of the reserve line when the rated voltage drops or disconnecting the working input 
of the reserve power of the transformer of own needs.  
The redundancy system is proposed on the basis of a combination of two main 
power transformers in working condition and one in reserve mode. Automatic load 
switching should turn off the feeder input (if it is still connected) and turn on the 
sectional switch.  
Automatic load switching works on the basis of the ARGON automatic 
transfer system, which allows to increase the level of information equipment of the 
Zaporizhzhya NPP personnel through the use of modern microprocessor, digital and 
discrete devices. The system also allows to increase the reliability of the NPP's own 
needs, to reduce the time of power drop and significantly reduce the cases of 
emergency switching devices of backup power lines. 
The main disadvantage of this system is the possible asynchronous switching 
of different backup power transformers on one bus. Such switching can lead to a 
specific system failure and overload [8]. 
 
Conclusion to Section 1 
In this section, an analysis of guaranteed power supply systems was performed 
and the existing methods and classifications of such systems were considered. In 
addition, an analysis of the legal framework on consumer reliability was conducted. 
Based on the analysis, I can conclude that the issue of security is quite relevant not only 
in the scale of industry or the life of each consumer, but in general for the integrated 
power system. As a backup source, many resources can be used, one of which is solar 
energy.  
An extensive analysis of existing industrial stations, which became the basis 
for further development, was conducted. At the moment, Ukraine has been able to 
show that the rapid growth of RES development can be realized only with the right 
tasks and sound actions to implement them. 
 
2 FORMATION OF THE SUPPLY GUARANTEE SYSTEM WITH A 
COMBINATION OF THE POSSIBILITIES OF TPPs AND SPP 
2.1 The structure of the power plant and power system 
The type of power plant is determined primarily by the type of natural energy. 
The most widespread are thermal power plants (TPPs), which use thermal energy 
released during the combustion of fossil fuels (coal, oil, gas, etc.). Thermal power 
plants produce about 76% of the electricity produced on our planet. This is due to 
the presence of fossil fuels in almost all parts of our planet; the possibility of 
transporting fossil fuels from the place of extraction to the power plant, which is 
located near energy consumers; the possibility of using the heat of the working fluid, 
which has worked out and the release to consumers, in addition to electricity, as well 
as thermal energy (with steam or hot water), etc. [9]. 
Power plants, power lines, substations, installations that consume electricity 
are interconnected by a common mode of continuous process of production, 
distribution and consumption of electricity.  
Combining power plants into power systems increases the reliability and 
efficiency of energy supply. The use of reserve capacity of individual power plants 
in other areas of the power system reduces the total reserve and increases the 
reliability of energy supply. The simultaneity of the maximum load in areas with 
different longitudes reduces the total (combined) maximum load and the required 
operating capacity of power plants in the power system. The possibility of rational 
load distribution between power plants and power systems contributes to fuel 
economy. Power systems also include heat supply installations and heating networks 
[9].  
Energy management includes installations for the production, transmission 
and use of electricity and heat. 
Energy management is directly related to fuel and transportation, including 
devices for extraction, processing and transportation of fuel. 
Fuel and energy farms together form a fuel and energy farm. 
2.2 Classification of thermal power plants 
The type of thermal power plant (TPP) on fossil fuels is determined by the 
following factors.  
According to the type of energy released, thermal power plants are divided 
into: 
- condensing power plants (CPP) - with steam condensing turbines, 
releasing energy of one type - electric;  
- combined heat and power station (CHP), which supply electricity and 
heat with steam or hot water to external consumers.  
According to the nature of heat consumption, there are CHPs:  
- industrial type, with the release of steam to enterprises for technological 
processes;  
- heating type, with heat release usually with hot water for heating and 
ventilation of houses and for household needs of the population;  
- industrial and heating type, with release of steam and hot water for 
technological and heating needs [9].  
There are thermal power plants on solid, liquid and gaseous fuels, on two or 
all three types of fuel. At present, liquid (fuel oil, rarely crude oil, usually high-
sulfur) and gas (natural gas) are widely used at thermal power plants along with solid 
fuels (coal and lignite, etc.). The transition to liquid and gaseous fuels greatly 
simplifies and reduces the cost of thermal power plants. The use of natural gas also 
contributes to the cleanliness of the air basin.  
By type of turbines to drive electric generators. There are thermal power plants 
with steam (ST) and gas turbines (GT). 
The efficiency of modern steam turbines reaches 40%, gas turbines - not more 
than 28-34%. At steam turbine of thermal power plants it is possible to use any type 
of fossil fuel (coal, shale, peat, fuel oil, gas). Gas or liquid fuels are mainly used at 
gas turbine thermal power plants [9]. 
The values of the pair initial parameters and the type of thermodynamic cycle 
are divided into a number of characteristics.  
According to the level of the initial pressure of fresh steam, there are power 
plants with up to critical (usually below 16.0 - 17.0 MPa) and supercritical (above 
22 MPa) steam pressure. 
Drum steam generators with natural circulation (type E) or direct-flow steam 
generators (type P) are installed at power plants with subcritical pressure. The use 
of direct-flow steam generators is necessary at critical and supercritical pressure of 
fresh steam. The lower the vapor pressure, the less advantage is given by direct flow 
boilers. 
Regarding the type of the main technological scheme, TPPs are divided into 
block and non-block. Modern condensing power plants, which usually use 
intermediate superheating of steam, perform a block type. 
With the block structure of the TPP, each turbine is powered by steam only 
from the adjacent steam generator (monoblock), sometimes from two steam 
generators (double block) [9]. 
Connecting pipelines of steam of fresh and intermediate overheating, 
nutritious water between blocks do not carry out. TPPs with such schemes are 
cheaper, easier to control and automate. CPP with an initial pressure of 9 MPa and 
below and CHPs with a pressure of 13 MPa and below (both without intermediate 
superheating of steam) usually have a non-block structure, in which fresh steam and 
feed water lines are common to all steam generators. Steam turbines are powered by 
steam from these common mains. 
It is possible to conditionally divide thermal power plants into power plants 
of large (over 1000 MW), medium (100-1000 MW) and small (less than 100 MW) 
capacity. The largest capacity of TPPs is usually limited by local conditions (fuel 
supply, water supply conditions, nature protection requirements - maintaining the 
cleanliness of air and water basins) [9]. 
In the CIS, as well as in other industrialized countries, power plants tend to 
operate in power systems. "Isolated" power plants outside the power system are 
increasingly becoming an exception. Initially built in the newly developed peripheral 
areas of the country, they are later also included in the energy system.  
Regarding the degree of loading and use of electric power of thermal power 
plants are divided into:  
- basic, with annual use of maximum (installed) capacity: Тmаx = 
6000…7500h.;  
- semi-basic: Тmаx = 4000…6000h.;  
- semi-peak: Тmаx =2000…4000h.;  
- peak: Тmаx up to 2000h.  
Power plants with better energy equipment and better energy performance are 
loading more. One power plant can have different units (power units) with different 
degrees of perfection. Accordingly, they are loaded differently, this division also 
applies to individual units (power units) [9]. 
 
2.3 Features of TPP energy consumption  
Consumption of electric and thermal energy changes over time: during the 
day, week, year. The electrical load of TPPs includes, in addition to the main value, 
- the release of energy to consumers, electricity losses during transport, as well as 
the own cost ("own needs") of the power plant.  
The graphical representation of the change in the load of the TPP over time is 
called the load graph.  
Daily load schedules have the greatest importance for power systems and 
power plants: winter, summer, spring and autumn, per working day, at the beginning, 
middle and end of the week; for a non-working day. The main consumers of 
electricity are industrial, lighting and utilities [9]. 
The form of the daily schedule of electric loading depends generally on a 
season, a parity of electric consumption by industrial and lighting and household 
installations, on number of changes of work of the industrial enterprises for days.  
The schedule of industrial load is characterized by a maximum during the day, 
when all enterprises work - with one, two and three shifts per day. Characteristic are: 
rapid rise of the load in the morning, the maximum load during the day with a 
temporary decrease ("failure") of about 12 hours in the afternoon due to the lunch 
break of the day shift, a significant decrease in the load at night. 
Winter daily schedule of lighting and household load has not a large maximum 
in the morning, before work, and the main maximum in the dark, about 16 hours, in 
December-January.  
Industrial summer load is slightly lower than winter, mainly due to the 
removal of part of the equipment of enterprises for repair. Lighting and household 
load in the summer has a slight increase in the morning, and in the evening its 
maximum occurs later - up to 20 - 22 hours. Therefore, the maxima of industrial and 
lighting loads in summer do not coincide in time, and the total load after 16 hours 
first decreases, increasing again with the inclusion of lighting[9].  
As a result, the winter load has two maxima — morning and evening, due to 
a combination of industrial and lighting loads; the corresponding graph is 
figuratively called "two-humped". 
Summer workload has three maxima — morning, daytime (after lunch break), 
and evening workload, when workloads of two- and three-shift industrial enterprises 
are combined with lighting and household. The summer schedule of electric load is 
figuratively called "three humps"[9]. 
 
2.4 Basic technical and economic requirements for thermal power plant 
The main requirement for a power plant is reliability. Reliability - 
uninterrupted production of electricity in accordance with consumer demand and 
dispatch schedule. Power units must be maneuverable to meet fast-changing loads. 
Maneuverability - the ability to quickly dial and remove the load, quick start from 
idle and stop, without compromising reliability and durability. In this case, according 
to the Rules of technical operation of power plants (RTO), the frequency of electric 
current in power systems must be continuously maintained at 50 Hz with deviations 
of not more than ± 0.1 Hz, temporarily not more than ± 0.2 Hz. The frequency is 
regulated in the combined (single) power system by one of the power systems, in the 
isolated power system - by one of the power plants.  
High reliability should be laid in the equipment and lines of communication 
at their designing and installation, in the project of power plant as a whole and should 
be supported by long-term high level of culture of operation, timely and careful 
repair. However, even if these requirements are met, the probability of equipment 
failure and an accident is not excluded. Reliable power supply of consumers is 
provided at the same time by additional reserve units and power units.  
Heat supply to consumers must also be uninterrupted. This primarily refers to 
the supply of steam to industrial enterprises, especially those whose technological 
process (refineries, etc.) must be carried out continuously. 
The second main requirement for power plants is efficiency. Two types of 
economy - construction and operation are partly consistent with each other, partly 
contradictory. Production costs include, in particular, deductions from one-time 
costs (capital investments) for depreciation of equipment (renewal of its operability 
during operation), as well as structures. These deductions are greater the more 
expensive the power plant. At the same time, the main component of TPP production 
costs is the cost of fuel. Fuel and cost savings are achieved by technical improvement 
of equipment and, as a rule, its rise in price. 
 
2.5 Main problems of TPP operation 
In the modern power system of Ukraine, a large share of thermal generation 
is used partially or completely decommissioned, as well as preserved. This problem 
is due to insufficient funding for equipment upgrades, so the capacity of TPPs in 
these realities is much less than was found in the design of lines and transformer 
substations that connect generation to the power distribution unit [10]. 
The catastrophic state of the industry, the underfunding of energy companies, 
the state of equipment beyond what is acceptable, non-payment of wages to miners, 
the million-dollar needs of the industry, which are postponed for years so that the 
population receives cheap electricity and heat, hidden non-tariff monetary and socio-
environmental costs for providing/maintaining traditional methods of energy 
production and production of electricity and heat – this is how the current state of 
the traditional energy industry can be described [10]. 
The technological process of obtaining electricity (and heat) from "traditional" 
fossil fuels (coal, uranium and natural gas), in progression will require more and 
more money and non-money costs, and therefore over time will inevitably cost 
society more, and land. 
It is more and more difficult and expensive to extract fuel, which due to its 
fundamental exhaustion lies deeper, the more it is extracted, and more and more 
complex layers will have to be developed and, consequently, more financial costs 
will have to be extracted. 
It is increasingly difficult and expensive to avoid or neutralize (unfortunately, 
only partially) the consequences of harmful environmental impacts on nature. 
More and more water reserves (so scarce in today's world) are consumed by 
traditional types of generation, which will continue to grow exponentially (in 
Ukraine, against the background of natural resources for water and natural resources, 
the problem is not so noticeable and only gaining momentum) and inevitably leads 
to a conflict on the one hand the needs of mankind in water for domestic 
consumption and food production, and on the other hand - the needs of the same 
humanity in electricity [10]. 
Unpredictable man-made impacts on human health, animal husbandry and 
agriculture in general are becoming more widespread. 
Increasingly expensive repair, modernization and emergency repair work on 
worn, "patched " domestic energy facilities.  
Non-tariff public expenditures to maintain the possibility of further operation 
of "cheap" traditional electricity generation from coal and uranium are growing 
every year. 
The most unprofitable mines will have to be closed (which is, by the way, not 
a cheap pleasure, which is financed, including from the state budget). The coal 
industry is becoming uncompetitive (for comparison: electricity from renewable 
sources, such as SPP, is becoming cheaper over time, ensuring the payback of not 
only large but also small projects of private households) [10]. 
The problem of global scale is extensive and partially irrational hyper-
consumption of water resources by traditional energy enterprises. If translate the 
amount of electricity needed by mankind into the amount of water consumption, the 
size of the so-called "water footprint" (the volume of water required to make 1 kW) 
is growing just phenomenally. The World Economic Forum recently ranked the 
water crisis as one of the biggest global risks for the next 10 years. At the same time, 
one of the most water-intensive spheres of human activity is carbon and nuclear 
power generation. The production of electricity consumes five times more water than 
for household needs (drinking, cooking, washing, washing dishes, sanitary needs), 
and about as much more than in industry. The energy sector consumes almost the 
most water - the greatest value of mankind, at a time when the world is facing the 
threat of global droughts and water scarcity in vast populated regions. If politicians 
around the world do not take into account the relationship between energy and water, 
in many parts of the world, access to water will be the determining factor for 
electricity supply. This, in turn, will force governments to urgently allocate scarce 
water supplies between traditional energy (TPPs, large hydropower plants, nuclear 
power plants), food production, industry, health care and general sanitation. Unlike 
traditional energy sources - RES either do not require water consumption at all, or 
incomparably less. 
The inevitable inertial choice of Ukrainian government officials is already 
focusing the country on the development of traditional industries, including nuclear 
power plants. It is important to realize that the widespread opinion about the 
"cheapness" and safety of nuclear generation - a myth, and at the first steps in this 
direction in parallel in the coming years it will be necessary to find (take out of our 
pockets, through payments, the budget or something else) funds, commensurate with 
the cost of construction or modernization of units. Funds will also need to be used 
to close spent units and to build their own spent nuclear fuel storage facilities. If the 
technologically competent decommissioning of nuclear units is not carried out (the 
vast majority of which have already passed the procedure of extending the regular 
service life and the second time such extension is hardly possible), the consequences 
may not be foreseeable. It is no coincidence that the formerly powerful countries of 
nuclear energy are purposefully abandoning nuclear power plants today, for 
example, the governments of Germany and Canada have announced plans to 
completely stop the production of electricity at nuclear power plants by 2020[10]..  
Global trends record a steady and progressively increasing trend towards 
lower prices for electricity produced from renewable energy sources, which will 
continue to decline, because in their composition, in addition to the initial investment 
in equipment, there is no fuel component (decisive in the current tariffs for 
traditional energy). In addition, RES either does not have at all or causes 
disproportionately lower non-price public costs to maintain environmental safety. 
Also, the process of approximating the production characteristics of RES to the 
requirements of energy systems for full-fledged scheduling is in full swing. Thus, 
from an auxiliary and alternative energy source, becoming the main one, suitable for 
providing not only the household, but also the whole region or city with a reliable, 
sustainable and secure electricity supply. At the same time, it works on RES, because 
every year the technological processes and scientific and engineering base of 
production become cheaper and better [10].  
It should also be emphasized that today the construction of each new 1 W of 
installed capacity of traditional energy - exceeds the cost of construction of RES. 
Now Ukraine is sufficiently dependent on imported energy sources: gas, coal, 
nuclear fuel supplies. To strengthen the country's energy security, it is important to 
make a choice: continue to finance external energy sources or still develop the use 
of its own energy sources, while increasing the contribution of "green" electricity to 
Ukraine's energy independence[10].  
 
2.6 Power control for industrial SPP 
2.6.1 Reactive power control methods 
Reactive power control is an integral part of voltage control in the power 
system. At low load, the system generates reactive power that must be absorbed. At 
the same time, at high loads, the system consumes a large amount of reactive energy 
that needs to be generated [11].  
Traditional synchronous generators, which are widely used in domestic 
networks, qualitatively maintain the balance of the reagent, but the cost of this 
method of compensation is relatively high. To maintain the parameters of the power 
system, companies often use static compensation units, in which, depending on the 
current situation, either capacitors or inductors are connected to power lines. 
The main disadvantages of this method:  
- reaction too slow (from a few seconds to a few minutes); 
- discreteness of elements that does not ensure the completeness of the 
compensatory effect;  
- voltage and current jumps through transients at the moment of switching on 
or off of discrete modules.  
To solve the problem, designers of power systems install synchronous 
compensators, static VAR compensators (SVCs) and static synchronous 
compensators (STATCOMs) in all nodes of the network, where fast and smooth 
control of reactive power is required [11]. 
Synchronous compensators are the facilitated synchronous motors working at 
idling. In this mode, they generate only reactive power, and the generation of active 
power is zero. SVC і STATCOM, in contrast to synchronous compensators, are not 
structurally synchronous motors, but they belong to the category of dynamic devices 
due to the high response speed and variable power at the output of the device.  
SVC is a combination of conventional capacitors and inductors with high-
speed switches (usually semiconductor controlled semistors), which allows you to 
control more smoothly than static batteries. STATCOM - solid-state power 
electronic devices, such as solar inverters, but located outside the array of a solar 
power plant. They are able to absorb and generate reactive energy by changing the 
voltage, the numerical value of which will be more or less voltage on the common 
bus. Given that the cost of inverters is falling three to four times faster than the cost 
of traditional reagent compensators, their use for these tasks is growing every year 
and in the long run they will completely displace other compensation units [11]. 
 
2.6.2 Distributed electricity generation 
The solar power plant has many photovoltaic inverters connected to a common 
bus. As mentioned above, each of them can both absorb the reactive component, 
counteracting the voltage increase at the point of connection, and generate it, fighting 
voltage dips. With a fairly high integration of solar power plants and power 
distribution networks, it is possible to build systems that will combat the voltage 
spikes that inevitably occur in any large network. Sensitivity to changes in light (and 
hence generation) in some parts of the network will also be minimal [11].  
Thus, it is possible to create a fundamentally new tool (distributed system) 
that can minimize heat loss from reactive currents and even compensate for the 
reagent from external consumers. However, for such distributed systems, a large 
number of work issues have not yet been resolved and their implementation is a 
matter of the future [11]. 
 
2.6.3 Inverter level and enterprise level regulation 
When developing a control system, designers can plan the impact of the 
regulatory action at the level of each individual inverter, or at the level of the solar 
power plant as a whole. At the power plant level, the central controller controls the 
reactive power level, power factor or voltage at the node of the enterprise network 
to the external electrical network [11]. 
Modern inverters can have several built-in functions, which allow the 
implementation of the following strategies at the level of inverters: 
1. Maintaining a constant power factor. Typically, inverters operate at a 
power factor equal to one, but they can be adjusted to maintain a lower factor 
(provided that the set parameter must be in the operating range of the model used).  
2. Maintenance of constant reactive power - regardless of the level of 
active power produced by the system itself. 
3. With voltage feedback. In this mode, the coefficients of active and 
reactive energy are changed by the controller taking into account the current 
measurements of voltage sensors.  
4. Dynamic setpoint control. The inverter adjusts the setting of the power 
factor or reactive power level depending on the signal received from the manager.  
If consider the industrial solar power plant as a whole, it can consist of dozens 
or even hundreds of photovoltaic generators. The central controller will coordinate 
the work of individual inverters and turn them into a single virtual generator. In this 
case, the controller commands will be transmitted through the SCADA program, or 
in another cheaper way (for example, through a remote terminal) [11]. 
This control mode is especially useful for the transfer of energy between 
interconnected solar power plants, which must operate in voltage control mode - the 
controller will constantly change the reactive power of the inverters, depending on 
the situation, thus maintaining the voltage at a constant level.  
When designing a system that regulates the power system at the enterprise 
level (power plant) it is necessary to understand that the central controller is a critical 
equipment. In the event of a malfunction or in the event of a software failure, any 
control over the inverters or the power transmission system will be lost, moreover, 
throughout the enterprise. Therefore, it is necessary to duplicate all systems - the 
server and the devices feeding it, the data transmission equipment, etc. And at the 
first best opportunity it is necessary to design local control subsystems which will 
be able to carry out at least some functions of the central processor at its malfunction 
or unavailability.  
In addition to inverters, other types of equipment can be used to control and 
regulate reactive power, especially if the use of inverters will reduce the power 
output. Thus, the developer of system can stop the choice on the switched capacitors 
and compensators. Such a replacement requires economic justification and 
calculation of the ratio of changes in the cost of electricity and the amount of capital 
contributions [11].  
But before considering such options, the designer should think about a 
possible combination of static and dynamic devices. It may well be economically 
feasible to roughly adjust the reagent using switchable capacitor banks and fine-tune 
the inverters. The presence of pulse switches will increase the parasitic transients at 
the time of connection and disconnection of capacitor banks, which require more 
powerful and high-quality dynamic control systems. However, reducing the total 
cost of the project (static devices in the general case are significantly cheaper than 
dynamic with similar characteristics) will allow you to buy dynamic systems of 
higher quality [11]. 
 
2.7 Analysis of the possibilities of combining TPP and RES 
The first question is the balance of power at the point of connection of the 
station to the network (at the point of input of power). The total power that will be 
generated by the combined sources should not exceed the line capacity at any time. 
But the value of power in the line should be as close as possible to its capacity in 
order to operate it most productively. 
The condition of optimality is also the cost indicator of the spent primary 
energy resource per kW of generated energy. And the needs of the market in which 
the generating company operates, namely in the market for the day before, the 
intraday market and the balancing market. 
The ability of TPPs to dynamically and smoothly change the schedule of its 
generation according to the needs of the power system also opens up opportunities 
for its combined use on common buses with other energy sources. A part of thermal 
generation capacity deduces at the moments of electric energy consumption from 
SPP from work. This is possible due to the peculiarities of the above generating 
stations. At the moments when the energy from the SPP enters the network, the load 
of the TPP lines is reduced by a proportional number, that is, in the same period it is 
possible to enter through the same line of SPP capacity. 
With the help of thermal generation it is also possible to solve the problems 
that arise due to the uneven generation of SPP. Because the generation of SPP is 
stochastic in nature and changes dramatically due to cloudiness, which is difficult to 
predict with a significant lead. With the help of TPP shunting units, it is possible to 
better adapt to this problem. 
Of course, the problem for implementing this option of using combined 
generation is the fact that most TPPs are located within cities or their environs, and 
do not have around the free areas to accommodate bulky SPP equipment, and are in 
regions with low solar insolation. 
However, if consider this issue from the point of view of technical feasibility, 
it is possible to get a number of advantages over the construction of SPP in areas 
where there are no points for power input: 
- no network planning costs for power transmission; 
- no costs for the construction of the line itself; 
- no costs for the construction of a transformer substation; 
- resolved the issue of reactive power consumption; 
- the possibility of overlapping stochastic generation of SPP. 
 
2.8 Possibilities of placing SPPs on the territory of TPP 
The study is based on information about the work of Burshtyn TPP. 
Burshtyn TPP is one of the few stations in Ukraine, some of whose power 
units operate to export electricity to European countries: Hungary, Romania and 
Slovakia. 
The main fuel is coal from the Ukrainian coal basins, and the auxiliary fuel is 
natural gas and fuel oil. The total capacity of the station reaches 2400 MW. 
In total, nine of the twelve power units operate at the station at the same time, 
which has an extremely negative effect on the condition of the equipment. This mode 
requires significant maneuverability (multiple starts and stops of units). 
The plant covers the island's domestic energy consumption (approximately 3 
million people) and transfers up to 645 MW of energy for export. 
Burshtyn TPP covers a total of about seventy hectares and of which about 68.2 
hectares is the area of ash drainage. However, the area involved is much smaller, so 
after the reconstruction it is possible to use a land plot of 32 hectares. All this area 
is not suitable for use in any of the other options (construction, agriculture, etc.). 
For economically feasible use of space for the installation of SPP, solar panels 
will be on the territory of the ash drain. 
The overall potential allows you to install an incredibly large number of arrays 
of solar panels. 
 
Conclusions to Section 2 
In this section, the analysis and classification of thermal power plants as 
equipment that generates heat and electricity is given. The tendencies of decrease in 
the use of fossil fuels, in particular coal, are revealed. The main tasks set for the 
station staff are analyzed and the main ways of realization of these tasks are 
determined. The main features of operation and production of electricity by different 
types of stations, in particular TPPs and CHPs, are considered. The impact of the 
stations on the quality of electricity and balance reliability was also assessed. 
Based on the analysis, it can be concluded that due to the maneuverability of 
the thermal power plant, it is best suited for installation and connection to its system, 
solar station. Another important criterion is the fact that legislative obligations have 
been imposed to reduce the production of electricity using fossil fuels, which in turn 
has led to a reduction in the area used for the ash dump. This territory can be used 
for installation of SPP. 
3 INVESTMENT ECONOMIC ASSESSMENT OF THE 
PROFITABILITY VALUE AND RETURN OF THE SPP USING NPV AND 
IRR FUNCTIONS 
3.1 The urgency of the issue of SPP economic benefits  
Nowadays photovoltaic power plants are the most popular commercial energy 
source in our country. According to the reports of the National Commission for State 
Regulation of Energy and Public Utilities (NCSREU), solar power plants take first 
place (approximately 65%) relative to power. Such great development of PVPS in 
Ukraine are caused by such factors as accessibility of equipment, favorable 
economic component (price of the selling) and relatively high level of solar radiation 
on Ukrainian territory. Economic aspect is the most important today. Most investors 
focus their attention on the profitability of SPP [12]. 
Therefore, this project will view 1 MW SPP, which is considered the most 
significant on the industrial stations market for the sale of electricity at a "green" 
tariff. 
To understand better the economic component of the project, the current stage 
of development of electricity market regulation in Ukraine will be considered, as 
well as the internal rate of return (IRR) and net present value (NPV). 
 
3.2 Basic description of current Ukrainian situation (“green tariff”, 
regulation of the energy market) 
The electricity market is regulated by two main Laws of Ukraine on this issue, 
namely: “On the Electricity Market” and “On Alternative Energy Sources”, as well 
as some amendments to them. 
The Law on Alternative Energy Sources was passed in 2003, but Ukraine 
began active development in the field of green energy only in 2015 after some 
amendments to the law. Specifically, after the establishment of “green” tariffs for 
electricity generated by installations that operate at the expense of solar energy 
and/or wind energy. “Green” tariffs apply to both private households and industrial 
installations. The determined tariffs were very high in compare with similar tariffs 
in other European countries. Therefore, due to the too rapid development of 
unpredictable renewable energy sources in 2019, much lower “green” tariff rates 
have already been set for industrial plants: 
Table 3.1 – “Green” tariff rates for industrial SPP [13]. 
 Roof SPP Ground SPP 
From 31.12.2019 0,164 euros per kWh 0,15 euros per kWh 
From 01.01.2020 to 31.12.2020 0,123 euros per kWh 0,113 euros per kWh 
From 01.01.2021 to 31.12.2021 0,118 euros per kWh 0,109 euros per kWh 
From 01.01.2022 to 31.12.2022 0,115 euros per kWh 0,105 euros per kWh 
From 01.01.2023 to 31.12.2024 0,110 euros per kWh 0,101 euros per kWh 
From 01.01.2025 to 31.12.2029 0,107 euros per kWh 0,097 euros per kWh 
 
Currently, a system of "green" auctions has been launched and is functioning 
in Ukraine. Their main task is to replace "green" tariffs and ensure competitive 
pricing for new alternative energy projects. According to the adjustments adopted in 
April 2019, photovoltaic stations with an installed capacity of more than 1 MW and 
wind stations - more than 5 MW, will be required to win the auction for the allocation 
of state support quotas. The Cabinet of Ministers will determine the total annual 
volume of these quotas (installed capacity of the power plant) [14]. 
In August 2020, key amendments to the legislation of Ukraine on support for 
renewable energy (RES Law) came into force. The RES Law implements the 
Memorandum of Understanding signed on June 10, 2020 between the government 
and renewable energy associations to stabilize the electricity market. Below is an 
overview of the provisions of the RES Act. 
This document is a long-awaited result of a long mediation process. The 
Government expects that the signing of the Memorandum will avoid lawsuits against 
Ukraine for investment arbitration and preserve the country's investment 
attractiveness. The memorandum establishes the commitments of the government 
and renewable energy producers. 
This document is not an act of legislation, but rather a roadmap for future 
regulatory changes. The government submitted to parliament a draft law on the 
implementation of the Memorandum and facilitated its adoption in 2020 (the "Law 
on Arrangements"). It is the parliament that determines the final changes to the 
legislation on RES.  
The memorandum is open for accession of all RES producers. They can decide 
voluntarily whether to sign this document. RES producers who do not meet the 
conditions of the Memorandum may refuse to join it. However, the legal 
consequences of refusing to sign at the moment are ambiguous.  
 
3.2.1 Reduction of the "green" tariff  
The main element of the RES Law is the reduction of the "green" tariff. The 
decrease applies to solar power plants and wind power plants (WPPs), which are 
already in operation and are under construction. The degree of reduction of the 
"green" tariff depends on the type of technology (sun or wind), production capacity 
and date of commissioning. The RES Law does not extend green gas tariff contracts 
beyond the current deadline, January 1, 2030 [15]. 
Table 3.2 – Put into operation before July 1, 2015. 
WPP without reduction 
SPP price cap (22 eurocents per kW) 
Table 3.3 – Put into operation after July 1, 2015. 
WPP 7.5% 
SPP below 1 MW 7.5% 
SPP 1 MW and above 15% 
Table 3.4 – Put into operation after January 1, 2020. 
WPP 2.5% [1] 
SPP below 1 MW 2.5% 
SPP 1-75 MW   
– put into operation by November 1, 2020 2.5% 
– put into operation during November 1, 2020 - March 31, 2021 30% 
– put into operation after March 31, 2021 60% 
SPP 75 MW and above 
 
– put into operation by November 1, 2020 2.5% 
– put into operation after November 1, 2020 60% 
The National Commission for State Regulation of Energy and Utilities 
reduced the rates of the "green" tariff for all existing RES projects on August 1, 
2020. The revised green tariff rates apply from the same date [15]. 
 
3.2.2 The final date for the commissioning of the project (cut-off date) 
The RES Law does not set a deadline for the commissioning of RES projects. 
As before, to obtain a "green" tariff, SPP must be put into operation within two years 
after the date of the pre-PPA, and WPP - within three years. Instead, the RES Act 
restricts new solar generation by radically reducing the "green" tariff. As mentioned 
above, SPP with a capacity of more than 1 MW, put into operation after November 
1, 2020, will be reduced by 30% to 60%. 
The RES Law introduces the so-called "stabilization" provision, according to 
which "green" tariff rates will not be reduced in the future. RES projects will be 
protected from changes in Ukrainian legislation that may occur after the entry into 
force of the Law on RES. However, the "stabilization" provision does not apply to 
changes in legislation in the areas of defense, national security, public order, and 
environmental protection [15]. 
It is currently unclear whether the "stabilization" position will protect foreign 
investors from tax changes The Law of Ukraine “On Alternative Energy Sources” 
states that the “stabilization” provision applies to tax legislation, as the Law of 
Ukraine “On the Foreign Investment Regime” specifies taxation as an exception to 
this provision. This uncertainty is due to the last-minute amendment to the RES Law. 
 
3.2.3 Allowance for the local component 
The Law on RES increases the allowance for RES of projects put into 
operation between July 1, 2015 and December 31, 2024, for the use of Ukrainian-
made equipment in the construction of the power plant. The allowance is paid in 
addition to the "green" tariff and is calculated by multiplying the rate of the "green" 
tariff by a factor, as shown below. The NCSREU sets the allowance on the basis of 
the provided calculations and documents [15]. 
Table 3.5 – Allowances for the local component as a percentage. 
Allowances for the local component Coefficient 
30-50% 5% 
50-70% 10% 
> 70% 20% 
 
3.2.4 Financial responsibility for imbalances  
According to the RES Law, the financial responsibility for imbalances will 
not change only for RES projects with a capacity of less than 1 MW. For them, the 
transition period for the gradual introduction of liability for imbalances continues. 
Starting in 2021, these RES projects will pay only 10% of the costs of settling 
imbalances. This share will increase by 10% annually until 2030. Instead, for RES 
projects over 1 MW, the share of financial responsibility will be 50% in 2021 and 
100% from 2022 [15].  
In addition, the RES Act halves the permissible errors in forecasting electricity 
supply for all RES projects. Under the previous regulation, the liability for 
imbalances did not apply in case of deviation of the actual hourly volumes of 
electricity supply from the hourly supply schedule by less than 10% for SPPs and 
20% for WPPs. The RES Law reduces the tolerances to 5% for SPPs and 10% for 
WPPs. 
 
3.2.5 Increasing the liquidity of the Guaranteed Buyer 
The RES Law introduces several measures to ensure the repayment of 
growing green tariff arrears and to ensure timely payments in the future.  
First, the transmission system operator, NEC Ukrenergo (TSO), must transfer 
35% of the income received from the allocation of interstate capacity to the 
Guaranteed Buyer to repay the debt. Second, the government must submit a bill by 
November 1, 2020 on the issuance of domestic government bonds with a maturity 
of 5 years for the same purpose [15]. 
Third, the government may provide for the financial support of the Guaranteed 
Buyer to pay a "green" tariff of at least 20% of the projected electricity production 
from RES. 
Fourth, the Guaranteed Buyer may sell electricity under bilateral agreements. 
Also, the TSO tariff for electricity transmission should include financing provided 
by the TSO to the Guaranteed Buyer to ensure payments under the "green" tariff 
[15]. 
 
3.2.6 Compensation for unproduced electricity  
Starting in 2021, the TSO must pay RES for electricity compensation not 
generated as a result of the implementation of the TSO load reduction commands to 
ensure reliable network operation. These costs will be covered by the TSO tariff for 
electricity transmission. By September 1, 2020, the NCSREU will introduce a 
mechanism for compensation for future and past reductions in production [15]. 
 
3.2.7 "Green" auctions 
RES projects that do not receive a "green" tariff will obviously be interested 
in participating in "green" auctions. As a lot at these auctions will be offered the 
possibility of guaranteed sale of electricity to the Guaranteed Buyer at the auction 
price for 20 years. The RES Law also amends the legislation on auctions.  
First, it sets price caps, on the maximum auction price: 
Table 3.6 – Maximum auction prices. 
Type of technology Price caps 
WPP and SPP 9 eurocents per kWh - during 2020-2024. 
8 eurocents per kW / h - in the following periods 
Other RES projects 12 eurocents per kWh 
 
Second, wind farms with a capacity of more than 5 MW with three turbines 
are now also required to participate in "green" auctions, as they were previously 
exempted from this obligation.  
Third, the government must approve an annual support quota (the amount of 
capacity offered at green auctions) for the next year and indicative annual quota 
forecasts for the next four years. 
Fourth, the government may designate certain regions of Ukraine (for 
example, regions with electricity shortages) to build new RES projects within the 
annual support quota [15]. 
 
3.3 Basic description of NPV, IRR 
The most important criteria for project performance are payback period, profit 
margin, net present value, internal rate of return. Only the project whose indicators 
turned out to be the most attractive receives funding. How to evaluate the 
effectiveness of the investment project? The most important indicators of such 
analysis are the values of NPV and IRR. NPV is the balance of all operating and 
investment cash flows that considers costs. A project is considered effective if it not 
only covers internal costs but also generates income that is not lower than the 







where: NCFi - net cash flow at the appropriate time; n is the number of years; k - the 
discount rate, the most important element of the formula. Any error in calculating 
NPV may reduce the effectiveness of investments. 
In addition, the definition of NPV is very important because it allows you to 
consider the entire life cycle of the project and determine its profitability.  
IRR is the amount of the discount rate at which the net present value is zero. 
Specifies the maximum possible annual income used in the calculation to maximize 
the attractiveness of the project. A project is effective when the return on capital 
expected by the investor is less than the IRR. To determine the IRR, you can use the 
formula NPV, equating it to zero: 






The solution I can deduct from the equation depends on the change in NCFi. 
However, changes in value throughout the project period of the money do not need 
to be considered [16].  
 
3.4 Stages of system selection and calculation 
The solar photovoltaic system includes various components. The main 
components of the solar photovoltaic system are the solar charge controller, inverter, 
battery, auxiliary energy sources and loads (devices). 
PV-module – converts sunlight into electricity (DC). 
Charge controller – regulates the voltage and current coming from the PV 
panels going to the battery and prevents recharging the batteries and extends their 
life. 
Inverter – converts input DC current from PV panels (or wind turbine) into 
AC for consumer use. 
Rechargeable battery (battery) – saves energy for future use (in the absence of 
network or unsatisfactory quality). 
Loads – electrical devices connected to a solar photovoltaic system.  
Auxiliary energy sources – diesel generator or other renewable energy 
sources.  
The calculation of a solar power plant can be divided into several main stages. 
 
3.4.1 Choice of photovoltaic module technology 
Before starting to complete the photovoltaic (PV) system, it is necessary to 
choose the category of panels. Currently, there are two main categories of solar panel 
production on the market: monocrystalline solar panels (mono) and polycrystalline 
solar panels (poly). 
To make solar cells for modules, silicon is formed into bars and cut into 
waffles. Photomodules of mono technology have better efficiency and more 
complex manufacturing technology. The name "mono" means that the silicon used 
consists of one component. Electrons that generate the flow of electricity have more 
room to move. As a result, "monocrystal" panels are more efficient than their 
polycrystalline counterparts. 
According to this information, I chose "monocrystal" JA SOLAR panels with 
multilayer PERC cells and a semi-cell configuration of the modules. 
Combined with multi-busbar PERC cells, the module's half-cell configuration 
offers the benefits of higher power output, better temperature-dependent 
characteristics, reduced shading effect on energy quality and quantity, lower heating 
risk, and increased load resistance. 
So, the selected module is JA Solar 340W 5BB Half-Cell Module, JAM60S10 
320-340/MR series [Annex A]. 
Voltage and amperage are important characteristics for any solar panel. In the 
following figure I illustrate the dependence of these indicators on the level of 
insolation.  
 
Fig 3.1 – Curve of current and voltage dependence on insolation of JA Solar 
JAM60S10 320-340/MR, 340 W [Annex A]. 
 
 
3.4.2 Amount of PV modules needed for 1.19 MW 
The most important thing in calculating the number of modules is the required 
SPP power. Manufacturers of inverters report that for efficient operation of the 
station, it can be overloaded by 20-30%, so for SPP with a capacity of 1.19 MW, so 
I chose the number of panels to provide power, for example, overloaded by 20%. 
In my case the required SPP power Pr = 1,19MW. According to this 
information I found a solution by dividing required SPP power into power of one 












Since the orientation of the solar panels to the south, I can conclude that the 
volume of annual insolation will be 100% (and accordingly kp = 1), according to 
(Fig. 3.2). 
 
Fig. 3.2 – Influence of tilt angle orientation on relative volumes of solar 
energy utilization [17]. 
For correct operation of the station it is necessary to distribute the modules 
correctly. Each selected inverter has a certain number of MPPTs (maximum power 






3.4.3 Inverter selection  
Solar photovoltaic system (or solar power plant) is one of the systems that 
uses renewable energy sources - thanks to solar panels is the conversion of sunlight 
into electricity. The produced electricity will probably be: 
− to accumulate - in accumulators (batteries); 
− use directly by the consumer; 
− return to the public network; 
− combine in combination with one or more other energy sources 
(generator, etc.). 
The solar photovoltaic system is a very reliable and clean source of electricity. 
There are many nuances to consider when choosing a hybrid inverter or a hybrid 
system with batteries.  
The initial cost of a hybrid inverter is quite high, but this is offset by the 
possibility of more flexible use of your generated energy, instead of buying energy 
from the grid when solar panels do not generate electricity. Hybrid inverters have 
proven their reliability when working in different networks. 
Inverters are an integral part of solar photovoltaic systems. Solar panels 
generate electricity in the form of direct current (DC). However, most of our power 
grid is alternating current (AC). Therefore, the power from DC sources, such as solar 
panels, must be converted (inverted) into alternating current. 
The inverter is the most technically complex part of a solar photovoltaic plant. 
It consists of a number of components that convert DC to AC. The controller chips 
are programmed to maximize the output power from the PV panels. 
Such equipment that especially needs a pure sine wave. Different types of 
inverters have ways to optimize performance. Inverters allow each panel to operate 
independently, which eliminates the effect of partial shading. Fronius - have built-
in monitoring, etc. [18]. 
Inverters can be divided into three types: stand-alone, network and hybrid.  
Network. Synchronized with the grid and mainly used to sell electricity to the 
grid at a "green tariff".  
 
Fig. 3.3 – Mains inverter [18]. 
Stand-alone. Under autonomous power supply from solar batteries understand 
complete replacement of network power supply on autonomous. Such a scheme is 
relevant for the power supply of facilities remote from the main power lines, in hard-
to-reach places or places where the laying of such lines is impossible or 
economically unprofitable.  
When installing such a system, it is important to consider the voltage and 
capacity of the battery to ensure compatibility of all components and the required 
autonomous duration. 
There should also be enough solar energy to start the inverter and charge the 
batteries.
 
Fig. 3.4 – Stand-alone inverter [18]. 
Hybrid. Combine the two previous types of inverters. They are connected to 
the network. Combine the two previous types of inverters. They are connected to the 
network. However, during periods of excess power generation, the additional power 
generated may be stored in the battery rather than exported to the grid (after the 
battery is fully charged). This can be especially useful in areas where the network is 
unstable, as the stored energy can provide power during shutdowns or inappropriate 
network parameters. The hybrid inverter is not equipped with a battery and solar 
panels - they are purchased separately [18]. 
 
Fig. 3.5 – Hybrid inverter [18]. 
The choice of the inverter is carried out based on the rated power of the PVPS 
and checked under the conditions of idling and short circuit. Modern inverters are 
equipped with devices for tracking the maximum power point tracker. 
For this task I chose a hybrid system that includes three voltage inverters 
Victron Energy Quattro 48/15000/200-100/100, 1 phase 12 kW of power each and 
6 charge controllers Smart Solar MPPT 150/100-MC4, 5.8 kW each. Detailed 
technical characteristics of inverters and controllers are presented in Annex C. 18 
panels are connected to one MPPT charge controller. 
A total of 108 panels are connected to one hybrid system, giving a total of 
36.72 kW of power. Thirty-three such systems must be used. This means: 
𝑃𝑟 = 36,72 ⋅ 33 = 1,2118 MW. 
The next step is to choose the optimal installation angle of the photomodule 
relative to my location. 
For calculation of the distances between rows of modules I found optimal 
angle of inclination for PV modules. 
By geographical location (in my case, the Kyiv city, orientation to the south), 
the angle of inclination of the sun in azimuth relative to the earth in summer is 63 
degrees and in winter 16 degrees. 
So, for optimal operation of the station it is necessary to choose the average 




= 39, 5∘. 
3.4.4 Distances between rows of modules/avoid shadow 
In my case, I used two constructions with two rows of modules. First 12 
constructions will consist of 119 modules for each row, second 3 constructions will 
consist of 118 modules for each row. There is a total of 15 such constructions. 
 
Fig. 3.6 – Model of the construction location with two rows of modules [19]. 
Because of grass and snow, minimum modules height above the earth is 0.5m. 
Length for two modules is (based on passport data of modules):  
L = 1689 + 1689= 3378 mm. 
Row heights:  
H = construction height (h) +sin (panel angle) * panel length (L). 
Width of the row: 
W = cos (panel angle) * panel length (L) = 2627 mm. 
Calculation results are shown on Figure 3.7. 
Considering the winter angle of the sun (16o), determining the length of the 
shadow, and hence the projection on the ground, I can conclude that the distance 
between the rows is 7418 mm. 
Figure 3.7 – Distances between rows of modules/avoid shadow. 
 
3.4.5 Calculation of the area needed for 1,19 MW plant 
To calculate the total area of a solar station with a capacity of 1.19 MW, it is 
necessary to determine the length of one construction. Length (b): 
𝑏 = 118 ⋅ 0,996 + 119 ⋅ 0,024 = 120,39 𝑚. 
According to the width of row (W), numbers of rows (C) and the sum distance 
between the rows (D) I can calculate a: 
𝑎 = 𝑊 ⋅ 15 + 𝐷 ⋅ 14 = 2,627 ⋅ 15 + 7,418 ⋅ 14 = 138,3 𝑚. 
According to the width (a) and length (b) I can calculate total area (At). 
Total area equal: a*b 
𝐴𝑡 = 𝑎 ⋅ 𝑏 = 138,3 ⋅ 120,39 = 16,650 𝑚
2 = 1,665 ha. 
 
3.4.6 Determining the capacity of batteries 
The type of battery recommended for use in SPP is a battery with a deep 
discharge cycle. A deep cycle battery is specifically designed to discharge to a low 
residual energy level and recharge quickly or to cycle and discharge day after day 
for many years. The battery must be large enough (a multi-battery unit) to store 
enough energy to operate the devices at night and on cloudy days. To find out the 
battery capacity, calculate the following: 
In this case, it should correspond to one third of the total capacity of the SPP, 
the rest of the electricity will be sold to the grid. Under the worst operating 
conditions, SPP will generate 1.2 MWh of electricity. That is why I am counting on 
this amount of electricity generated. Divide the total watt-hour/day by 0.85 to 
compensate for battery loss.  
1200000/0,85 = 1411764,7 Wh/day 
I divide the answer obtained in the previous paragraph by 0.8 - to take into 
account the depth of the discharge (DOD 80%). 
1411764,7/ 0,8 = 1764705,9 Wh/day 
I divide the result by the rated voltage of the battery (in this case 48V). 
1764705,9/48 = 36764,71 Аh/day  
Thus, the batteries built into the hybrid system have sufficient capacity to 
provide the required backup conditions. 
The energy produced by the power plant should charge the batteries and, if 
possible, for example in the summer, sell to the grid. 
To ensure a reliable supply of power to consumers of category I, it is necessary 
to use an ATS device, which at the signal of the voltage relay, in the absence of 
mains voltage, will switch the power supply from the inverter via a modular 
contactor. 
In the normal mode of supply, energy is supplied through the contactor to the 
main lighting panel, emergency lighting and fire and burglar alarms. 
 
3.5 Checking the system for compliance  
So, I tested the selected inverter and solar panels under the following 
conditions (the results of this test are consistent with all 33 systems): 
− parallel strings must have the same number of panels; 
− the number of panels in the string should not exceed the maximum 
allowable number 𝑁𝑚𝑎𝑥: 
𝑁panels in the string < 𝑁𝑚𝑎𝑥 
3 < 3,61 
The short-circuit current per MPPT must not exceed the permissible value: 
𝐼sc panels ⋅ 𝑁string < 𝐼add 
10,46 ⋅ 6 = 62,76А < 100А 
where 𝐼sc panel – panel short circuit current; 𝐼add – permissible current per 
MPPT according to its passport data; 𝑁string - the number of string connected in 
parallel with the panels to one controller. 
− the voltage per MPPT must not exceed the permissible value: 
𝑈panel ⋅ 𝑁panel in the string < 𝑈𝑚𝑎𝑥 
41,55 ⋅ 3 = 124,65В < 150В 
where 𝑈𝑚𝑎𝑥– the maximum operating voltage of the controller according to 
its passport data; 𝑈panel - operating voltage of the panel according to passport data. 
The operating parameters of the selected charge controller set the maximum 
system voltage 𝑈𝑚𝑎𝑥, and the no-load voltage of the photovoltaic module 41.55 V, 







= 3,61 𝑝𝑎𝑛𝑒𝑙, 
however, this system requires only 3 panels per line and 6 such lines. 
 
3.6 Determining the load center of the design object 
Since the station is located on the territory of the CHP, it is possible to create 
several load centers, which will help reduce losses in the cable during the 
transmission of electricity. Eleven such centers will need to be made, each of which 
will house 3 hybrid systems. 
 
3.7 Analysis of the designed system possibilities 
The location of the system with a south orientation, allows to get the most 
efficient version of the station. Since a large area of ash drainage can be used to build 
SPP, it is possible to avoid any impact of the shadow on the operation of the station. 
Placing structures at the required distance from each other allows you increase the 
efficiency of 7-10%. 
Due to the fact that the photovoltaic modules are not located on the roof and 
do not have any contact with the roof surface, their operating temperature will be 
much lower. 
Equally important is the fact that the photovoltaic modules are located at a 
relatively low height, which allows them to be serviced during operation. 
When placing the station on the territory of the CHP, the need for additional 
protection of the station and the fence of the territory disappears.  
Due to the fact that the system includes rechargeable batteries, it is possible 
to store electricity, and therefore use it only for the necessary period. 
There may be several such options: 
1. The accumulated electricity can be used in the period when it is 
necessary to regulate the generated electricity by the thermal power plant. This will 
help provide additional backup and prevent unplanned shutdowns or downsizing of 
reactors. 
2. Also, electricity generated by SPP can be sold in periods when 
electricity from CHP is more expensive. 
3. The main part of electricity from SPP will be sold to the grid without 
the use of additional power distribution devices and substations, as it is possible to 
use the existing network. This significantly reduces the cost of SPP. 
 
3.8 Selection of the system power elements 
An important value when choosing the power of transformers is the correct 
accounting of their load capacity. Under the load capacity of the transformer means 
a set of allowable loads, systematic and emergency overloads based on the thermal 
wear of the transformer insulation. If do not take into account the load capacity of 
transformers, it can be unreasonably overestimate the choice of their rated power, 
which is not economically feasible [20]. 
At the vast majority of substations, the load of transformers changes and for a 
long time remains below nominal. A significant part of the transformers is selected 
taking into account the post-emergency mode, and therefore they normally remain 
unloaded for a long time. In addition, power transformers are designed to operate at 
a permissible ambient temperature of + 40oC. In fact, they work under normal 
conditions at ambient temperatures up to 20 ... 30oC. Therefore, the power 
transformer at a certain time can be overloaded taking into account the above 
circumstances without any damage to its service life (20-25 years).  
Based on studies of different modes of operation of transformers developed 
GOST 14209, which regulates the allowable systematic loads and emergency 
overloads of general-purpose power oil transformers with a capacity of up to 100 
mVA, including cooling M, D, DC and C, taking into account the cooling 
temperature[20].  
To determine the systematic loads and emergency overloads in accordance 
with GOST 14209, it is also necessary to know the initial load preceding the 
overload and the duration of the overload. These data are determined by the actual 
initial load schedule (full power or current), converted from a thermally equivalent 
to a rectangular two- or multi-stage schedule. 
Due to the need to have a real initial load schedule, the calculation of 
allowable loads and overloads in accordance with can be performed for existing 
substations to verify the admissibility of the existing load schedule, as well as to 
determine possible options for daily schedules with maximum values of load factors 
in the previous mode, overload and in overload mode[20].  
At the design stage of substations, you can use standard load schedules or in 
accordance with the recommendations also proposed in GOST 14209 to choose the 
power of transformers under the conditions of emergency overloads [20]. 
Then for substations where emergency overloading of transformers is possible 
(two-transformer, single-transformer with backup connections on the secondary 
side), if the calculated load of the object Sp and the coefficient of allowable 
emergency overload KL is known. the rated power of the transformer is defined as: 
Sn.т. = Sp / KL 
It should also be noted that the load of the transformer on top of its rated power 
is allowed only with a working and fully turned on the cooling system of the 
transformer.  
As for the typical schedules, they are currently designed for a limited number 
of load nodes [20]. 
Since the choice of the number and capacity of transformers, especially 
consumer substations 6-10/0.4-0.23 kV, is often determined mainly by economic 
factors, it is important to take into account the compensation of reactive power in 
the consumer's electrical networks. 
The choice of the number of power transformers is determined together with 
the choice of static capacitor banks. 
Since the plant is an economic entity and is not part of the enterprise, the 
condition for zero consumption of reactive power is at this level of the network, and 
the reactive power is regulated in accordance with section 2.6. Therefore, the 
substation is calculated without taking into account the reactive power but taking 
into account the active power and the possibility of technical accounting [20]. 
For this SPP when choosing a transformer, I used the data of calculations on 
the low voltage side. Since the station is designed to sell residual electricity to the 
grid, it is advisable to classify it as reliability category I and install a two-transformer 
substation. The choice of transformer must be made taking into account the load 
factor. For two-transformer substation with a predominant load of category I, the 
recommended load factor is: 
К𝐿 = 0,65, 




= 1864,3 кВА 
Based on the calculations, it is advisable to choose a two-transformer 
substation with a capacity of 1000 kVA transformer voltage of 10 kV with a cabinet 
of street lighting with cable entries HV type 2PTSUN-1000/10/0,4-ShK-U1 with 
circuit breakers on the outgoing lines [Annex D]. PTSUN (packaged transformer 
substation for urban electrical networks) are delivered in a metal cabin of high 
factory readiness (2PTSUN - in two cabins), with the power transformer mounted in 
it, HVS cabinet (high voltage switchgear), street lighting cabinet. 
In the HVD (high voltage device) cabinet, АС load-break cutout with manual 
drive and spring-loaded drive are installed. Fuse switches or circuit breakers are 
installed in the HVS compartment, as well as general electricity metering and 
electricity metering for street lighting (if necessary). In the HVS compartment light 
panel-94 panels with ATS on the 0.4 kV side are installed. The length of the cabin 
is 4540 mm [Annex D]. 
MPTSUN with RM6 units manufactured by Schneider Electric with insulation 
installed in HVD cabinets are also supplied. In HVS cabinets the Masterpact M20N1 
switch (manufactured by Schneider Electric) for rated current up to 2000 A with 
regulation of current on disconnection is established on input, on outgoing lines 
Multivert safety switches for rated current up to 630 A, manufactured by Schneider 
Electric or others firms. Option of execution 2 MPTSUN in one cabin (input air or 
cable). 
 
Fig. 3.8 – Execution options 2 MPTSUN [Annex D]. 
 
Fig. 3.9 – Single-line electrical circuits 2 MPTSUN [Annex D]. 
With regard to the switching equipment of the solar station itself, each output 
link of the system must be protected against short-circuit currents, which are 
performed by circuit breakers or fuses. Each inverter must be protected by a surge 
protection device. 
Fuses and their fusible inserts are selected under three conditions: 
. . .; ; / ,н з р в р в п с пІ І І І І І К    
where, Ін.з., Ів  - rated currents of fuse and fuse-link; КС.П. – start-up complexity factor, 
Іп – starting current. 
Circuit breakers are selected under the following conditions: 
- rated thermal current ІТ, electromagnetic Іе and electromagnetic Ік releases 
are selected by the rated current: 
; ; ;Т Р е р к рІ І І І І І    
- the operating current of the electromagnetic Iсп.e or the combined Iсп.к release 
is checked for peak current: 
. .1,25 ; 1,25 ;сп е п сп к пІ І І І   
- the operating current of the circuit breaker with adjustable inversely 
dependent current characteristic: 
. 1,25 .сп р рІ І  
The choice of relay protection and automation devices was made at the stage 
of installation of switchgear. As 2 MPTSUN is used for connection of SPP to a 
network installation of new elements is not required. 
 
3.9 Organization of accounting and determination of economic 
characteristics 
To ensure control and metering of electricity, a point of commercial metering 
of electricity is established. The item includes a special device for monitoring and 
controlling the operation of the Color Control GX system [Annex E]. Color Control 
provides intuitive control and monitoring for all Victron power systems. 
Due to the use of hybrid systems on the low voltage side, a bidirectional 
electricity meter is included, which will provide metering of energy coming from 
the SPP. 
I used a three-phase bidirectional meter ACE6000 5-100A [Annex F]. The 






Table 3.7 – Characteristics of ACE6000 5-100A [Annex F]. 
Rated voltage, kV 6 (10) 
Maximum operating voltage, kV 7,2 (12) 
Rated frequency, Hz 50 
Rated current of the main circuit, А 50-600 
Rated current of secondary circuits, A 5 
Rated voltage of secondary circuits, kV 100,  100 
Short circuit current 32 
Accuracy class of the meter 0.2 0,2 
Level of protection of GOST 14254 IP54 IP54 
Climatic performance and accommodation category U1 У1 
 
3.10 Formation of the equipment price and the SPP total cost  
To analyze the challenges of installing a solar station on the ground structure, 
the impact of these aspects on the cost of the station and evaluate the effectiveness 
of the investment project. Determine the value of profitability and payback of a solar 
power plant using NPV and IRR functions.  
For more accurate and reliable calculations, data on electricity production 
were taken from a special medium called HelioScope [19]. This program allows to 
assess the current performance of SPP and even make a forecast for years to come.  
For this station, the prices of design and estimate and commissioning works 
for the construction of SPP with 1,19 MW capacity are taken according to the 
website of the company dealing with solar power plants in Ukraine [21] and shown 















1 China pcs. 106,00 3564 377 784,00
2 Netherlands pcs. 1 100,00 198 217 800,00
3 Netherlands pcs. 6 200,00 99 613 800,00
4 Netherlands pcs. 340,00 33 11 220,00
5 China pcs. 45 000,00 32 1 440 000,00
6 Ukraine pcs. 23,00 3564 81 972,00
7 Germany 2 pcs. 2,00 396 792,00
8 Germany m. 1,50 9900 14 850,00
9 Germany pack 240,00 33 7 920,00









11 … service 2 100,00 33 69 300,00




Solar power plant 1MW                  
(PV 1,2118 MW)                                        
Productivity per year:                          
1 229 MWh
Equipment
Invertor Victron Energy MultiPlus 48/15000/200-






Web interface Victron Venus GX
PV module JA Solar JAM60S10-340W MBB, 
Mono (PERC) Halfcell,
Charge controller Victron Energy SmartSolar 
MPPT 150/100-MC4
Battery  Pylontech LV 70.4 (70,4 kWh, 48 V)                                          
Power supply in the battery - 56 kWh
All, $ **
Fastening 
PV connectors LAPP EPIC SOLAR МС4***
PV cabel IBC SOLAR FlexiSun 6мм² 
black/red***
Automation of current protection of DC: 
switches-disconnectors + automatic switch. 
Switches, input automatic, metal two-section 
board
AC and DC surge protection Saltek: Surge 
protection devices for alternating current - type 
1 + 2, grounding. Without external lightning 
protection
Labor
Installation, electrical work, commissioning, 
engineering
Mounting kit: metal sleeve, UV-resistant 
corrugation, AC cable, ground cable, insulating 
materials, tray
Total price $ **:
Table 3.9.1 and Table 3.9.2 describe the operation of the 1.19 MW station in 
the period from the beginning of its construction to 11 years of operation (2018 - 
2029). This time range is taken to show the change in the tariff (decreased by 25% 
in 2020) and the impact of this change on the profitability of the station. According 
to the amendments of the National Commission on the formation of the "green" 
tariff, the interest rate for a fee per kilowatt of electricity decreased by 2.5% (Table 
3.9.1, Table 3.9.2). Also, based on the efficiency of photomodules, it is necessary to 
consider the criterion of their aging (degradation), which for photomodules JA Solar 
JAM60S10, according to the technical characteristics is approximately 0.8% per 
year. The performance of the station with considering the degradation is also shown 
in Table 3.9.1 and Table 3.9.2. 


















January 33057,0 33065,8 33091,3 33065,8 33062,9
February 50039,6 50045,6 50093,2 50048,1 50042,3
March 100916,6 100939,8 101005,5 100939,4 100936,1
April 135480,3 135494,9 135584,3 135501,5 135491,9
May 175450,1 175462,0 175587,9 175468,5 175458,5
June 171628,5 171653,7 171746,3 171648,5 171631,2
July 173477,5 173494,3 173595,2 173486,5 173484,1
August 158480,0 158496,6 158606,9 158499,7 158490,4
September 112030,1 112045,1 112127,0 112054,0 112037,4
October 73568,2 73580,9 73630,2 73585,7 73575,3
November 33190,6 33194,9 33223,4 33197,5 33192,3
December 21228,4 21229,6 21252,8 21230,9 21228,6
∑, Year 1238546,9 1238703,2 1239544,0 1238726,1 1238631,0
Degradation% 0,00 0,80 1,60 2,40 3,20 4,00
With 
degradation
1228638,5 1218883,9 1209794,9 1199086,9 1189085,8
Table 3.9.2 – The operation of the 1 MW SPP (2024-2029). 
 
 
3.11 Calculation (NPV, IRR) 
To determine the profitability and payback of a solar power plant, I used the 
NPV and IRR functions. 
The main components of these calculations are the number of periods (in my 
case n = 11 years), annual energy production, the cost of energy produced at the 
green rate (according to subsection 3.10), capital (CAPEX) and operating (OPEX) 
expenses for construction and maintenance of the station. 
The annual energy production (P) is determined according to the calculations 
of the HelioScope application [19]. 
CAPEX is defined in accordance with and divided into two types, CAPEX of 
the first big contribution to construction and equipment: 
С𝑒𝑥1 = $2846658 
(total price from Table 3.8), and overhaul costs every 5 years 2 $20000exС = (the cost 
of replacing or repairing decommissioned equipment and constructions, 
approximate prices according to Table 3.8). OPEX - $2800exO = is the average 
value on the Ukrainian market to pay workers for the maintenance of the station 
twice a month. 














January 33062,3 33063,6 33067,8 33065,2 33060,7 33063,1
February 50043,0 50046,3 50051,3 50044,8 50038,8 50041,7
March 100925,0 100934,9 100938,2 100932,8 100902,2 100919,1
April 135492,3 135492,8 135486,7 135490,8 135473,6 135478,8
May 175455,5 175468,0 175485,4 175457,4 175452,0 175456,8
June 171637,4 171652,2 171644,9 171639,7 171636,2 171634,6
July 173481,0 173488,2 173493,1 173491,1 173471,1 173476,6
August 158482,5 158496,3 158508,7 158488,5 158479,3 158483,8
September 112049,1 112051,0 112040,5 112051,3 112044,2 112044,3
October 73578,8 73581,2 73583,8 73582,3 73575,7 73578,7
November 33193,6 33194,6 33195,2 33196,4 33194,0 33193,7
December 21225,4 21230,1 21227,8 21226,7 21224,4 21224,2
∑, Year 1238625,9 1238699,2 1238723,4 1238667,0 1238552,2 1238595,4
Degradation% 4,80 5,60 6,40 7,20 8,00 8,80
With 
degradation
1179171,9 1169332,0 1159445,1 1149483,0 1139468,0 1129599,0
All calculation in this Section will be shown an example of first year 
electricity production. Rest of calculations shown in Table 3.10. 
First of all, I need to summarize costs (C) for each year.  
( ) ( ) ( ) ( )1 1 0 2800 $ 2800ex exC C O= − + − = + − = −  
For other years (C) can include both of the additions or other capital expense. 
Second important value is cash flow (Cf) that can be calculated by the formula: 
𝐶𝑓1 = 𝑃 ⋅ 𝑡0.17 + 𝐶1 = 1228638,5 ⋅ 0,17 + (−2800) = $206068,5 
where t0.17 – “green tariff” according to Section 2. In the same Section also 
described “green tariff” for the rest years. The tariff is converted into dollars. 
To find revenue (R), I need to sum the cash flow from the current year with 
all previous: 
𝑅1 = 𝐶𝑓1 + 𝐶𝑓0 = 206068,5 + (−2846658) = −$2640589,5 
Table 3.10.1 – The calculations results of cash flow and revenue for year 2018-2023.  
 
 




∑, Year 1238546,9 1238703,2 1239544,0 1238726,1 1238631,0
Degradation% 0,00 0,80 1,60 2,40 3,20 4,00
With 
degradation
1228638,5 1218883,9 1209794,9 1199086,9 1189085,8
Сosts -2 846 658,00 -2 800,00 -2 800,00 -2 800,00 -2 800,00 -22 800,00
Сash flow -2846658,0 206068,5 147427,4 146307,2 144987,5 123754,8
Revenue($) -2846658,0 -2640589,5 -2493162,0 -2346854,8 -2201867,3 -2078112,5
Tariff($/kWh) 0 0,17 0,123 0,123 0,123 0,123
CAPEX 2 846 658,00 20000,0
OPEX 2800,0 2800,0 2800,0 2800,0 2800,0
∑, Year 1238625,9 1238699,2 1238723,4 1238667,0 1238552,2 1238595,4
Degradation% 4,80 5,60 6,40 7,20 8,00 8,80
With 
degradation
1179171,9 1169332,0 1159445,1 1149483,0 1139468,0 1129599,0
Сosts -2 800,00 -2 800,00 -2 800,00 -2 800,00 -22 800,00 -2 800,00
Сash flow 142532,9 141320,2 140101,6 138873,8 117639,4 136423,1
Revenue($) -1935579,6 -1794259,4 -1654157,8 -1515284,0 -1397644,6 -1261221,5
Tariff($/kWh) 0,123 0,123 0,123 0,123 0,123 0,123
CAPEX 0 0 0 0 20000 0
OPEX 2800,0 2800,0 2800,0 2800,0 2800,0 2800,0
The next step of the calculation is determining of IRR and NPV. 
To calculate IRR I used Excel, namely IRR function which includes cash flow 
of all SPP work period and in my case, it is equal -9.02%. 
For net present value calculation, I used two ways in Excel. First one is kind 
of manual calculation which include Discount factor (Df), Discount cash flow (DCf) 
and summation of all cash flows (Cf).  
All calculation in this Section will be shown an example of first year 
electricity production. Rest of calculations shown in Table 3.10. 
To Discount factor calculate by the formula: 











where Dr – discount rate which equal 4%, per – period of calculation. 
Discount cash flow (DCf) can be calculated: 
1 1 1 206068,5 96% 198142,84DCf Cf Df=  =  =  
To calculate NPV I used NPV value from previous year and discount cash 
flow from current year. NPV0 equal discount cash flow [7]: 
𝑁𝑃𝑉1 = 𝑁𝑃𝑉0 + 𝐷𝐶𝑓1 = −2846658,0 + 198142,84 = −$2648515,16 
To calculate NPV by Excel in another way I used NPV function which include 
Cash flow and Discount rate from current period and all periods before without Cash 
flow from zero period plus Discount Cash flow from zero period. To calculate it for 
last period I used all periods without Cash flow from zero period plus Discount Cash 
flow from zero period [22].  








Table 3.11 – Calculation of IRR and NPV. 
 
Based on previous calculations, the NPV can be plotted (Figure 3.10). 
 
Fig. 3.10 – Dependence of NPV on time.  
Based on IRR calculations, it can be concluded that the profitability of the 
station is -9.02% and in terms of payback, it is not attractive. However, the results 
of the study do not take into account the use of this system as a reserve and a way to 
regulate the operation of CHP provides financial benefits. 
This system will provide an opportunity to participate in various market 
segments. Such segments may be the balancing market and the ancillary services 
market. 
Instruments such as the balancing market and the market of ancillary services 
are provided for the purpose of providing sufficient volumes of electricity required 
Discount rate 4%
Period Сash flow($)
0 -$2 846 658,0 -9,02% 100% -2 846 658,00 -$2 846 658,00 
1 $206 068,5 96% 198 142,84 -$2 648 515,16 
2 $147 427,4 92% 136 304,96 -$2 512 210,20 
3 $146 307,2 89% 130 066,59 -$2 382 143,61 
4 $144 987,5 85% 123 935,89 -$2 258 207,73 
5 $123 754,8 82% 101 717,44 -$2 156 490,28 
6 $142 532,9 79% 112 645,85 -$2 043 844,44 
7 $141 320,2 76% 107 391,72 -$1 936 452,72 
8 $140 101,6 73% 102 370,87 -$1 834 081,85 
9 $138 873,8 70% 97 570,87 -$1 736 510,97 
10 $117 639,4 68% 79 472,99 -$1 657 037,99 
11 $136 423,1 65% 88 617,83 -$1 568 420,16 
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for real-time balancing of electricity production and import, electricity consumption 
and export, settlement of system restrictions in the unified energy system of Ukraine, 
and financial settlement of electricity imbalances [22]. 
 
Conclusions to Section 3  
The analysis of such station was carried out in connection with the rapid 
development of RES in Ukraine. The main stimulus for investment in the SPP was 
"green tariffs" and regulation of the energy market in Ukraine in general. 
Based on the technical calculations in this project, I can conclude that with an 
increase in the total capacity of photomodules and an inverter load of 120%, the 
annual amount of energy produced can be significantly improved. Also, to increase 
the productivity of the station, it is important to find the optimal angle of inclination 
of the structures with panels and the distance between them to prevent shading. At 
the same time, the operation of the station during operation is affected by the 
degradation factor of the modules.  
According to economic calculations, I determined that after eleven years of 
the station operation, I received a negative value of NPV, which amounted to 
approximately one million 568 thousand 420.16 dollars. As in the period after the 
study the "green" tariff will no longer apply in Ukraine, the issue of full payback is 
quite difficult. It is impossible to predict the profitability of the station for that 
period. 
Based on IRR calculations, it can be concluded that the profitability of the 
station is -9.02% and in terms of payback, it is not attractive. However, it is important 
to understand that with the use of this system as a reserve and a way to regulate the 
operation of CHP, there is a financial benefit for the overall operation of the IPS 
(Integrated Power System) of Ukraine. This makes the station attractive to investors. 
Therefore, this study may be useful for the further development of solar 
energy in Ukraine. 
4 STARTUP PROJECT 
4.1 Description of the project idea 
The main requirements of the thermal power plant are uninterrupted 
production of electricity and heat in accordance with the demand and the projected 
load schedule. To ensure this requirement, units must be easy to maneuver their load 
without compromising the reliability of the equipment.  
The next requirement is efficiency. The main cost of production is fuel, which 
is also harmful to the environment. 
In line with global trends to reduce the price of electricity produced from 
renewable energy sources and the partial replacement of electricity produced at 
thermal power plants by electricity from renewable sources, there is a possibility of 
combining these two systems for mutual compensation. After all, the main 
disadvantage of, for example, solar energy is the inability to regulate its productivity, 
which in turn is easily managed by thermal power plants. 
The idea of the project is to create a software module for monitoring the 
efficiency of the combination of thermal and solar power plants. 
The module will analyze and provide the joint operation of two types of 
power plants. And will allow to make instant adjustments of their generation. 
Given the fact that 15 thermal power plants and more than 40 CHPs have 
been installed in Ukraine, most of which are partially out of operation, there is a 
large environment for efficient and economical use of such a combination and, 
accordingly, the proposed monitoring module. 
Equally important is the fact that the task of reducing the use of fossil fuels 
will significantly empty the area set aside for ash dumps for its storage. After storing 
coal and ash on the ground, it becomes unsuitable for building or planting crops. 
And, accordingly, the installation of the station on the territory of the ash dump 
reduces the cost of purchasing a large area of land. 
Also, monitoring will simplify the forecasting of the solar power plant, as it 
will have access to regulate the load of TPP power units and the frequency of 
electricity. 
In Ukraine, there are analogues of regulating the operation of a thermal power 
plant or power plant, but such system is not able to control the load of power units 
in accordance with the current state of generation of a solar power plant. 
In Europe, competitors are represented by such manufacturers as Fronius, 
SMA, Solar Edge. And several manufacturers from China, such as Huawei or Solis. 
These monitoring analogues work exclusively in the operation of a solar 
power plant and in real time allow to obtain information about: 
- evaluation of current data (voltage, current, performance, etc.); 
- the state of the system and the quality of the connection; 
- condition of automation and protection devices; 
- presence of damaged or disabled parts. 
But, in contrast to the proposed model, all programs that are represented by 
competitors, designed to regulate only the work of SPP. 
 
4.2 Technological audit of the project idea 
Before implementing the project on the common market, it is necessary to 
argue the technological feasibility of the project. To check the feasibility of the 
technological audit, I analyze Table 4.1. 
Table 4.1 – Technological feasibility of the project idea. 
№ Project idea 
Technologies 







Creation of a 
software module for 
monitoring the 
efficiency of the 
combination of 

















Selected technology for implementing the project idea: all above technologies 
play a significant role in the formation and development of software and the final 
product as a whole. 
 
4.3 Analysis of market opportunities to start a startup project 
Determining the possibilities of market implementation of the project allows 
to plan the directions of project development taking into account the state of the 
market environment, the needs of potential clients and the proposals of competing 
projects (Table 4.2). 
Table 4.2 – Opportunity factors. 
№ Factor Content of the opportunity 
Possible reaction 




After the release of the product and 
the study of the situation there is a 
possibility that the product will be the 
only competitive in the market. 
Improve the 
product in order to 
be accessible to a 




t supports the 
use of software. 
Involvement of state funds or public 
organizations in cooperation in order to 




Identification of market threats that may hinder the implementation of the 
project, taking into account the state of the market environment, the needs of 









Table 4.3 – Threat factors. 
№ Factor Threat content 
Possible reaction of the 
company 
1 Ban the use of 
software 
The use of developed 
software may be prohibited 
at the state level. 
Development of the service 
of individual consultations 
on legal terms. 
2 Distrust of 
potential 
customers to the 
new company 
A new product without a 
name on the market may not 
inspire confidence in users. 
Conducting early 
marketing campaigns for 
the target audience. 
3 Increasing 
competition in the 
market. 
The emergence of 
competing companies will 
cause an outflow of 
customers and will affect the 
financial performance of the 
business. 
Development of the service 
component, investment in 
marketing and 
improvement of the user 
experience. 
 
The final stage of the market analysis of project implementation opportunities 
is the compilation of a SWOT-analysis - matrix analysis of strong and weak sides, 
threats and opportunities, SWOT-analysis is shown in Table 4.4. 
Table 4.4 – SWOT - analysis of the startup project. 
Strengths: 
- the startup project is a monopolist in the 
Ukrainian market;  
- a small number of competing 
companies; 
- fundamental novelty of the product; 
- encouraging consumers at the 
legislative level to use RES; 
- constant online software support; 
- full information of the user; 
- relatively small investment capital 
costs; 
- availability of a base of potential 
customers (existing TPPs and CHPs) that 
need solutions in this direction. 
Weak sides: 
- no experience in the market; 
- insufficient support from the 
state; 
- lack of a team of IT specialists; 
- limited number of objects. 
 
Features:  
- after the release of the product and the 
study of the situation there is a possibility 
that the product will be the only competitive 
market; 
- software development;  
- easy access to software;  
- the possibility of entering the European 
market as an innovation; 
- the ability to independently control the 
limits of electricity produced; 
- sale by franchise.  
Threats:  
- competition; 
- distrust of potential customers;  
- problems with creating 
competitive software; 
- investment risk is associated 
with the deterioration of the socio-
political and economic state of the 
economy in the country. 
 
4.4 Development of market strategy of the project 
The first step in developing a market strategy involves defining a market 
coverage strategy: a description of the target groups of potential consumers. The 
choice of target groups of potential consumers is made in Table 4.5. 
Table 4.5 – Selection of target groups of potential consumers. 
№  
Description 
of the profile 





















1 TPP High High Weak Simple 
2 CHP High High Weak Simple 
3 Investors High High Weak Simple 
 






4.5 Development of a marketing program for a startup project 
The definition of the key advantages of the potential product concept is shown 
in Table 4.6. 
Table 4.6 - Identify the key benefits of the concept of a potential product. 
№ Needs 
The benefit offered 
by the product 
Key advantages over 
competitors (existing 
or ones you want to create) 
1. Energy efficiency 
savings 




reduce losses during 
regulation 
The efficiency of the system's 
response to the mismatch of 
one of the stations  
2. Ensuring sustainable 
development and 
installation of RES 
Allows to reduce the 
use of fossil fuels 
Determines the amount of 
electricity generated by 
generating systems  
3. Use of the model 
under any conditions 
of the TPP or CHP 
Has the ability to 
adapt to various 
system 
configurations 
Individual approach to 
software configuration 
provision in accordance with 
the needs of the station  
4. Product support and 
updates  
Creates and updates 
enhancement 
features  
Connected online to a shared 
server, which allows you to 
analyze and improve your 
efficiency 
 
The concept according to which the company carefully considers and 
coordinates the work of its numerous communication channels is called the concept 
of marketing communication, it is shown in Table 4.7. The aim is to develop a clear, 
consistent and compelling understanding among consumers about the product. 
Aimed at informing, persuading, reminding consumers and the market as a whole 












Key items selected 
for positioning 









































Conclusions to Section 4 
The idea of startup project, which has been developed, is to create a software 
module for monitoring the efficiency of the combination of thermal and solar power 
plants. The project provides the user with the opportunity to receive 
recommendations on the technology (techniques) of energy saving based on the use 
of combination of SPP and TPP systems. 
Analysis of market opportunities to launch a startup project showed that this 
product is vulnerable to threats such as distrust of potential customers to the new 
company and growing market competition and investment risk associated with 
deteriorating socio-political and economic situation in the country. 
The study revealed that the greatest demand among all target groups will be 
managers of thermal power plants and CHP. 
The analysis showed that the barrier to the implementation of the startup 
project will be the lack of market experience and insufficient support from the state. 
The review showed that supporting the project online and regularly updating 
the product software makes it possible to be commercially attractive in the future 
with possible competition. 
CONCLUSIONS 
 
In this desertation, an analysis of guaranteed power supply systems was 
performed and the existing methods and classifications of such systems were 
considered. 
 In first section, an analysis of the legal framework on consumer reliability 
was conducted. Based on the analysis, I can conclude that the issue of security is 
quite relevant not only in the scale of industry or the life of each consumer, but in 
general for the integrated power system. As a backup source, many resources can be 
used, one of which is solar energy. An extensive analysis of existing industrial 
stations, which became the basis for further development, was conducted. At the 
moment, Ukraine has been able to show that the rapid growth of RES development 
can be realized only with the right tasks and sound actions to implement them. 
In second section, the tendencies of decrease in the use of fossil fuels, in 
particular coal, are revealed. The main tasks set for the station staff are analyzed and 
the main ways of realization of these tasks are determined. The main features of 
operation and production of electricity by different types of stations, in particular 
TPPs and CHPs, are considered. The impact of the stations on the quality of 
electricity and balance reliability was also assessed. 
Based on the analysis, it can be concluded that due to the maneuverability of 
the thermal power plant, it is best suited for installation and connection to its system, 
solar station. Another important criterion is the fact that legislative obligations have 
been imposed to reduce the production of electricity using fossil fuels, which in turn 
has led to a reduction in the area used for the ash dump. This territory can be used 
for installation of SPP. 
The analysis of third station was carried out in connection with the rapid 
development of RES in Ukraine. The main stimulus for investment in the SPP was 
"green tariffs" and regulation of the energy market in Ukraine in general. 
Based on the technical calculations in this project, I can conclude that with an 
increase in the total capacity of photomodules and an inverter load of 120%, the 
annual amount of energy produced can be significantly improved. Also, to increase 
the productivity of the station, it is important to find the optimal angle of inclination 
of the structures with panels and the distance between them to prevent shading. At 
the same time, the operation of the station during operation is affected by the 
degradation factor of the modules.  
According to economic calculations, I determined that after eleven years of 
the station operation, I received a negative value of NPV, which amounted to 
approximately one million 568 thousand 420.16 dollars. As in the period after the 
study the "green" tariff will no longer apply in Ukraine, the issue of full payback is 
quite difficult. It is impossible to predict the profitability of the station for that 
period. 
Based on IRR calculations, it can be concluded that the profitability of the 
station is -9.02% and in terms of payback, it is not attractive. However, it is important 
to understand that with the use of this system as a reserve and a way to regulate the 
operation of CHP, there is a financial benefit for the overall operation of the IPS 
(Integrated Power System) of Ukraine. This makes the station attractive to investors. 
Therefore, this study may be useful for the further development of solar 
energy in Ukraine. 
The idea of startup project, which has been developed, is to create a software 
module for monitoring the efficiency of the combination of thermal and solar power 
plants. The project provides the user with the opportunity to receive 
recommendations on the technology (techniques) of energy saving based on the use 
of combination of SPP and TPP systems. The study revealed that the greatest 
demand among all target groups will be managers of thermal power plants and CHP. 
The analysis showed that the barrier to the implementation of the startup project will 
be the lack of market experience and insufficient support from the state. The review 
showed that supporting the project online and regularly updating the product 
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